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Professor Brande's Lectures on the application of 
Organic Chemistry to the Industrial Arts, are in course i 
of reproduction from his Lecturing Notes, and, with 
his sanction, they will shortly appear. 



PREFACE. 



Had this volume consisted of Professor Faraday's 
Lectures alone, it nught have gone into the literary 
world without further preface than such as is 
conveyed in the intimation of its appearance with 
the fullest sanction and consent of the lecturer. 
An explanation, however, is rendered necessary, 
when, as in the present case, an editor intersperses 
additions of his own. 

It may suffice on this topic to state that the 
extraneous portions of the volume suggested them- 
selves during an interview with Professor Faraday, 
in the course of which the process of rendering an 
oral discourse into a literary shape formed the topic 
of conversation. It was conceded that lectures, for 
the most part, have reference to others already 
delivered; that a lecturer feec\v3LftTL\5i^ ^SkSx^"^^^ 



collateral facts merely ; not demonBtratmg the line 
of evidence by which theso facts had been arrived 
at — because so far as might relate to a particular 
audience the knowledge of such facts was assumed. 
It was conceded, moreover, that a chemical lec- 
turer, more perhaps than any other, possessed a 
means of demonstrating facts not available to the 
essayist — the demonstration of experiment — that 
mute eloquence of action which silently compresses 
whole pages of written lore into one short act 
of manipulation, and renders verbal explanation 



ThesQ and many other special peculiarities, in 
which the functions of a lecturer differed from 
those of an author, having been discussed— it was 
conceded that a mere verbatim report of an 
experimental course of lectures, would by no 
means render, under a hterary aspect, the spirit in 
which these lectures were dchvered. 

Accordingly — being anxious to obtain these 
lectures for a public journal, it appeared that tho 
object would be most efficiently secured by attend- 
ing them regularly — embracing their scope, noting 
their experiments, striving to imbibe their philo- 
Bophy — and transferring their language to paper^ 
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whenever language, not experiment, might be 
the form adopted for expressing a sentiment, or 
inculcating a truth. 

This plan was adopted accordingly: and to 
render it still more perfect, Professor Faraday 
kindly and cordially furnished, immediately on 
the conclusion of each discourse, his lecturing 
notes : moreover, whenever any difficulty occurred, 
he no less kindly lent the aid of his supervision. 
Originally intended for the pages of a journal, 
the rendering of Professor Faraday's lectures 
was necessarily much condensed ; when therefore 
public appreciation had made a fuller expansion 
of them desirable, the lecturing notes of Professor 
Faraday proved of redoubled utiUty ; containing, 
as they did, various memoranda of points indi- 
cated for discussion, but not touched upon during 
the lecture for want of the necessary time. These 
dormant notes I have frequently taken the liberty 
to expand. 

Enough will have been stated to make known 
the warrantry under which I have acted in 
rendering the lectures themselves ; and it equally 
applies as accounting for the existence of those 
parts of the volume which ar^ tk^ <5weL\ \'»sNs. 
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ful metaiuorphoses which it discloses, hj the protean 
display of physical changes wliieh it brings before our 
eyes, by the demonstration it affords of the indestructi- 
bility of matter under the agency of existing laws, is 
perhaps more calculated than any other science to 
awaked within us the most ennobling sentiment the 
mind can contemplate — the sentiment of immortality. 
If the grosser parts of our earth and its inhabitants 
pass thus undestroyed through all the vicissitudes of 
death, fire, and decay, how impossible is it to assume 
a destruction of a spiritual essence! Totally irrecon- 
cilable with the genius of chemical science is the idea of 
destruction. 

Chemistry is essentially a science of experiment ; — 
most of the conditions under which its phenomena are 
developed requiring the disposing agency of man: 
yet there occur naturally a sufficient number of che- 
mical phenomena to rivet the attention of a reflective 
mind, and lead it to some acquaintance with that muta- 
tion of form apart from destruction which is so striking 
an attribute of chemistry. 

Many a reflective sage must have speculated ere 
now during the very infancy of the world, and long 
before chemistry had invoked the aid of experiment, on 
the cause and consequence of such evcr-reeurring phe- 
nomena as combustion and evaporation. The circum- 
stance must liave been noticed that the waters of lakes 
and streams, although exhausted in vapour by the 
ency of the sun's rays, and dispersed, were not dia- 
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persed to be destroyed ; but that, entering into clouds, 
the aqueous vapours remained hovering above until the 
operation of some natural cause should effect their 
descent to earth once more in hail or snow, dew or 
rain. Many a reflective sage in ancient times must 
have speculated on the results of combustion; more 
subtle, less amenable to scrutiny than those of evapo^ 
ration though they be ; and although neither the priests 
of Isis nor the sages of Greece knew the means of 
collecting, as does the chemist of our own times, the 
fleeting gaseous elements which are scattered by com- 
bustion, yet the spiritual intuition of these philoso- 
phers anticipated in a poetic myth the slower evidence 
of induction. In the fabled rising of the Phoenix from 
her ashes is displayed a credence in the non-destructi- 
bility of matter under the operation of existing laws ; 
and the many changing aspects of Proteus seem but the 
expression of a belief in the occurrence of chemical 
transformations. 

No sooner were the manifestations of chemical 
action displayed by experiment, than the wonderful 
mutations of form as evidenced by combination and 
decomposition gave rise to hopes that the baser 
metals might be transmuted into gold; a credence 
which, when we come to investigate the period of its 
first origin, carries us back into the furthest recesses of 
antiquity. 

Viewed under the aspect of a prevailing chemical 
furor, the belief in alchemy may "\>^ ^^ Vq \>^^^'^ '^'^ 
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the middle ages ; but amongst all its votaries a sort of 
universal credence was given to the remote origin of 
the doctrine. The Egyptian Hermes* was held to be 
the accredited originator of alchemy, and the notion 
of the possibility of transmuting base metals into gold 
has been thought by some writers to have existed 
amongst the Greeks at a period coeval with the Argo- 
nautic voyage in quest of the Golden Fleece. Suidas, 
in his lexicon published during the 11th century, 
expressly states under the head " Aepac," that the golden 
fleece was only a mythical expression for a parchment 
document on which had been written a description of 
the process for making gold. 

Without minutely discussing the opinions or the 
history of alchemical writers, it may suffice to remark 
that a belief in the possibility of making gold, and 
extending the duration of man's corporeal life, consti- 
tuted the foundation of alchemy. Not that these tenets 
were received by all professing alchemy to the same 
extent ; in this respect the greatest diflference of opinion 
obtained. Some votaries merely contented themselves 
by expressing their belief in the possibility of trans- 
muting the base metals into gold, whilst others pro- 
claimed to the world in mystic terms their possession of 
the secret. 

Rescued' from the obscure jargon of the language 
in which these descriptions were veiled, the opinions of 



* Hermes Trismegistus. 
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the alchemists as relates to the composition of metals, 
were far from irrational, — always remembering the kind 
and the amount of information at their disposal. All 
the metals, they believed to be compounds : — the baser 
metals containing the same elements as gold, from which 
they differed on account of their association with im- 
purities. These impurities being separated, it was 
imagined that gold would remain. The agent supposed 
to be capable of effecting this purification was the 
philosopher's stone, which, although many alchemists 
did not hesitate to state they had made, the greater 
number limited themselves to the expression of a belief 
in its existence. 

It would be ungrateful in the chemical philosopher 
of the present day to contemn utterly the striving of 
the alchemists. Many of these enthusiasts there were 
who shadowed forth in their hyperbolic phrases the 
sterner facts of induction ; and even the labours of that 
sordid class who had no nobler aim in view than the 
amassing of wealth, disclosed a vast store of collateral 
facts for the benefit of future chemistry. Nor is it, 
perhaps, just to stigmatise by so harsh a term as 
insanity that belief in an elixir which should be 
capable of extending the life of man, in his corporeal 
form, beyond the limits allotted to mortality. Having 
started from the basis of considering gold a noble metal, 
untamishable in the air, imperishable in the fire, 
unalterable by all common solvents, it does not seem a 
flight of imagination beyond tlve co\iS«i^^ c^i ^"5vxi«.\?i 
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although fanciful, to assume that the human frame 
might be so imbued with gold as to be proof 
against many of the destructive agencies to which it 
is ordinarily subjected. Many a recent medical hypo- 
thesis has rested on a basis far less seemingly rational 
than this. 

The hope expressed by many alchemists of their 
being enabled to extend the life of man beyond that of 
the patriarchs — nay, even to render him immortal in 
his corporeal form — was a wild flight of fancy starting 
from a basis of seeming probability; a pushing to ex- 
tremes of a theory in itself not so much at variance with 
given premises as many have conceived. Doctrines in 
themselves rational are often strained by ardent minds 
until tl^ey assume the semblance of error, — theories often 
forced beyond their proper sphere, — until, breaking loose 
from restraint, they lead where they ought to follow, 
suggesting accordances rather than associating fact«. 
Such tendencies are common to all doctrines in all 
times. It is a quality of the human mind to be ever 
striving at perfection, ever aiming at the acquisition of 
that which seems to be true. The isolated fragments 
of truth which lie scattered in our path, we are ever 
endeavouring to bring together or arrange. Too con- 
fident in the strength of our own perceptions — too 
oblivious of the narrow limits which restrain the excur- 
sions of our reasoning, we are ever prone to set in 
order, and construct into a fondly-thought temple of 
perfection, those scattered fragments of truth. The 
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temple stands approved by our own complacent scrutiny, 
— we die, and others fill our place. Then comes the 
inductive reasoning of a future age, and proves the 
cherished edifice of truths so pleasing to our eye, to be 
a monstrous distortion. 

During the period of a century or more, it was the 
custom to spurn the doctrines of the alchemists; not 
only in the literal acceptation of these doctrines, but 
even as semblances of philosophic truths. The time 
has passed for this opinion to be maintained. Within 
the last few years a series of manifestations has been 
noticed which goes far to vindicate many opinions of 
the alchemists. The condition of allotroptsmy or the 
quality which certain bodies possess of assuming two 
marked phases of chemical and physical existence, 
shatters the opinion on which our absolute repudiation 
of the doctrine of transmutation was based. Chemists 
now regard the idea of transmutation, not so much in 
the sense of being absolutely, essentially false^ as 
a vision of truth distorted by the aberration of the 
medium through which it has been made to pass. 
Although a belief in the existence of an universal elixir 
and the philosopher's stone was not extinct even so late 
as the beginning of the present century,* yet the deca- 



* I allude to Peter Woulfe, who died in the year 1805, of 
whom remarks Professor Brande (Manual of Chemistry), "it is 
" to be regretted that no biographical memoir has been pre- 
" serred. I have picked up a few anecdotes respecting him from 
" two or three friends who were his acq]QflMi\,witt%, "^^ Q^^^xYA^ 




s; :bf 5S3Kasr iz ?iii&. His ikmbs.. wincii 
Wire St; ^Lec vi:^ faiaaig^ aad appnoBs that it 
v&s&aIi to ToaA OB JresMB. Dr. BabingBia told aw 
^ jnce p«t io«^ ^ 3au aao. aew cosid find it M^jum^ 
vaef :i>e c<?iu«£»mi jc >kXia^ pMcktg<es» and parcels tliat 
**• lar .ftbofu lae diamb«r. Hts break^ist boor was foor in the 
** aocnin^: a 5tv of his sekec nieMS w«re ifffiininllT inTited 
^ tt> this lepa^v to whoa a seem si^jDal was prca. hr whi^ 
^ tfaev gained ensiaDcey knycidn^ a contain niimbcr of times at 
^ the inner door of his ap^nment. He b«d long rainlr searched for 
^ the elixir^ and attribated his repeated fiulores to die want of 
^ dne preparation br pioos and chaiitable acts. I onderstand 
^' that some of his apparatus are $tiU extant^ apon which are sop- 
"' plications tor success, and for the w^&re of the adepts. When- 
V ever he wished to break au acquaintance, or felt himself 
^* oflended, he resented the $upp<vied injuries br sending a present 
^* to the o^ender, and never seeiu^ him aAerwards. These 
" preseuts were sometimes of a ciuiuu)! Ue^enptiou, and consisted 
" usually of some expensive cheuuoul product or preparation. 
** He had an heroic remeil^' fur iUuo^s ; when he felt himself 
** seriously indisposed, he took A (duoe iu the Edinburgh mail, 
" and, having reached that city, iaauudi»iely came back in the 
" returning coach to London. A cold, taken on one of these 
*' expeditions, terminated in an intlununutiuu of the lungs, of 
" ifWch he died in 1805." 
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to indicate the point of immergenoe of the first chemical 
epoch into the second. Before the time of this wild 
enthusiast, it had been the universal custom to refer 
unknown agencies to the operation of supernatural 
causes, a custom which, however much it may have 
been conducive to the free ^lay of poetic imagination, 
is but little accordant with the genius of inductive 
philosophy. With Paracelsus this universal belief in 
occult agencies may be said to liave ceased ; and, as the 
expiring flame bums sometimes brighter before its 
final extinction, so did the belief in occult causes, 
before its final extinction^ become intensified in the mind 
of Paracelsus. He was, perhaps, the most universal 
Pantheist the world had seen. Every existing thing, 
however seemingly inanimate, was invested by Para- 
celsus with an ideal life, and was assumed to perform its 
vital functions under the guidance and direction of some 
familiar spirit. The popular names of many chemical 
substances at this day bear ample testimony to the 
general credence which must have prevailed in the 
early days of chemical, or more properly speaking, 
alchemical philosophy. The words spirit of wine, spirit 
of salt, spirit of nitre, and so forth, sufficiently bespeak 
a general belief formerly existing in respect of super- 
natural or occult agencies. 

" Paracelsus," remarks an able French author, " may 
be regarded from many points of view ; but the one which 
will interest us most relates to the impulsion, the new 
direction which he imparted to clieml&txy \ wxd ^l<.\\avv^K 



10 OENEBAL INTBODUCnOK. 

it would be difficult to collate the views of that singular 
individual into an ordinary scheme, yet I cannot help 
referring to him as the originator of various theories. 

At the commencement of the sixteenth century, 
demonology and the cabalistic art pre-occupied the 
minds of all. In vain had astrology been proscribed by 
a Papal bull and by the faculty of Paris ; in vain had 
alchemy been interdicted by the Senate of Venice ; the 
pretended sciences still continued to be taught in the 
majority of Schools. Men of true science did not scruple 
to become their advocates. George Agricola, Jean 
Bodin, Jerome Garden, Thomas Erastes, were amongst 
its most strenuous advocates. Felix Plater, Ambrose 
Par4, nay, even the judicious Femel, did not hesitate to 
lend it their faith. During the same century, the plague 
and other epidemics broke out ; to remedy them, the 
populace had, first of all, recourse to astrology and 
cabalistic practices ; then they tried the manifold pha^ 
macy of the Arabians, which, failing in its turn, recourse 
was at last made to alchemy, which oflPered a host of new 
remedies, some of them not devoid of efficaciousness. 

In this condition was the popular mind when Para- 
celsus presented himself as the instigator of a radical 
reform in medical doctrine; but his audacity, his dis- 
dain, his violent attacks against admitted opinions, 
although unanswered, did not even suffice. He therefore 
invented new doctrines — doctrines which, he said, would 
overthrow all that had gone before. He commenced by 
emitting a sort of physiological theory, founded upon the 
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application of astrology to the functions of the human 
body. He regarded magic as the culminating point of 
all science, and he believed its study to be a matter of 
prime importance to all destined for the medical profes- 
sion. Finally, he went the length of affirming that, by 
means of the cabaUstic art and chemistry, health might 
be re-established, life might be extended, and that even 
animated beings, homunadi, might be produced. 

As regards the intro-chemical doctrine, of which he 
must be regarded the founder and the chief, it reduces 
itself into this proposition ; that the composition of the 
body of man being formed by the union of a sidereal 
(that is to say, immaterial) salt, a sulphur, and a mercury, 
and diseases being caused by the alteration of this com- 
pound, they could only be combated by chemical means, 
combined with astral influences. 

With the view of explaining the action of medica- 
{ ments, he substituted for the elementary qualities of 
^ OfJen, a reasoning being— r>the archcew, which seemed to 
^ ^^arge the part of nature in the play of our organs ; 
which combined elements, elected the materials of nutri- 
a| tion, ejected impurities, and re-established the equilibrium 
of physiological functions. The archseus was, in the 
doctrine of Paracelsus, the spirit of life, the sidereal por- 
tifla of man's body ; hence, we may regard it as pretty 
e| neirly identical with the vital principle of the modems. 
i I Having adopted the system of Genii, Paracelsus attached 
to each natural object its own familiar spirit, to which he 
give the name of Olympian spirit. Henc^ wco^ ^^ «Qc^ 
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posed relation between man and various natural objects; 
and this belief, so long admitted, it was that attributed 
to certain substances qualities having reference to their 
natural forms. It will be evident that Paracelsus was the 
originator of dogmatic chemistry. From this moment 
henceforth, a strong line of demarcation was drawn be- 
tween chemists and alchemists. The latter continued tiieir 
vain researches, whilst the former pursued the applica- 
tion of positive facts to medicine and the industrial arts. 
Notwithstanding all that was vague, and singular 
in his ideas, it cannot be denied that Paracelsus ad- 
vanced science by his own researches, and by the dis- 
covery of many facts. It was he who first offered a 
true chemical and medical view of the preparations e{ 
antimony, mercury, and iron. He was the first to. pro- 
mulgate the doctrine that certain poisons, when taken in 
fitting doses, act as safe and efficient medicines. He was 
the first to recommend the employment of preparations 
of lead in diseases of the skin. In like manner he em- 
ployed copper, nay, even arsenic, as external applications 
for effecting cauterization. He employed sulphuric acid 
in diseases resulting from poisoning by lead, a mode of 
treatment which has remained in vogue up to the present 
day. He was the first to distinguish alum from copperas, 
remarking that the former contained an earth, the latter 
a metal. He was the first who mentioned zinc, regarding 
this metal, it is true, as a modification of mercury and 
bismuth. He admitted the existence of other elastic 
fluids besides atmospheric air, anecially alluding to 
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:iydrochloric acid gas, and sulphurous acid gas, both of 
which, however, he regarded as forms of water and of 
ire. According to him, the spark of flint and steel was 
Ae product of fire contained in the air. He was the 
3rst to point out, that when oil of vitriol was made to 
tct upon a metal, air was disengaged, which air was one 
yf the elements of water. He was aware that the pre- 
sence of air was indispensable to the respiration of animals, 
^nd the combustion of wood. He stated that calcina- 
:ion JcUled those metals subjected to it, and that char- 
zoal reduced or revived them. " There exists a certain 
thing,'' said he, " which we do not perceive, and, in the 
tnidst of which is plunged the whole universe of living 
beings. This thing comes from the stars^ and we may 
)btain a notion of it in the following manner : — ^Fire, in 
Drder that it may biu-n, requires wood, but it also requires 
air. The air, then, is the life, for, if air be wanting, all 
living beings would be suflbcated, and die." In another 
part of his writings, Paracelsus states that digestion is a 
solution of aliments, and that putrefaction is a transform- 
ation : that, moreover, j^verything dies previous to resus- 
citation in some other shape. These great chemical and 
physiological views — this generalization of the phenomena 
of combustion and respiration — ^prove that, despite his 
drunken hallucinations, Paracelsus held within him a 
spurit of deep penetration. 
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theory. The illustrious Boyle, who does not seem 
to have been aware of the doctrine of Beedier and 
Stahl, although it was promulgated before his deatbi 
performed a very remarkable experiment^ which, had he 
subjected to mature reflection, might have led to thedb* 
covery of oxygen gas, and to an overthrow of the 
phlogistic theory. Having fused some tin in an qpen 
glass vessel, and retained it for some time at the melting 
temperature, he allowed it to cool, and weighed the re- 
sult, which was now found to be heavier than the origi- 
nal tin. This experiment is merely cited by Boyle with 
the view of proving the materiality of heat, and, as ' 
interpreted by him, is, in so far, inconsistent with the i 
phlogistic theory, that, according to Boyle, the calx or 
oxide of tin was not tin minus something, t. 0., the ima^ 
ginary phlogiston, but plus something, — t. e., heat, or 
the matter of heat. * 



* In reference to this experiment of Boyle, Professor John- 
stone has made the following pertinent remark :—" How much 
the progress of science depends on the mode in which pheno- 
mena are intwpreted by the first observers, is strikingly illus- 
trated in the case of certain experiments of Robert Boyle. 
He observed that, when copper, lead, iron, and tin, were heated 
to redness in the air, a portion of calx was formed, and there 
was a constant and decided increase of weight (^Experiwentt 
to make fire and fi^me ponderable, London, 1673). ThiJ 
experiment he repeated with lead and tin in glass vessels, her- 
metically sealed, and found still an increase of weiglit; but 
observed further, that when the * sealed neck of the retort was 
broken off, the external air rushed in with a noise * (Additional 
experinwntSy No. T., and a(* '^ ''*« p^vkusness nf glass 
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Very soon after the time of Stahl, the gain of weight 
iux)uired by substances after combustion had become a 
phenomenon so generally known, that such as advocated 
tlie phlogistic theory were obliged to devise some other 
explanation for the phenomenon. Accordingly, the 
Hypothesis was assumed, that phlogiston, in itself, pos- 
sessed the quality of levity ; hence, that its presence 
must confer the property of lightness; indeed, the 
phlogistic theory was held with extraordinary pertinacity, 
Until the discovery of oxygen by Priestley rendered its 
further acceptation untenable. 

In the year 1774, Dr. Priestley, being at Paris, 
demonstrated to Lavoisier that oxygen gas could be 
extracted £rom red oxide of mercury, a demonstration 
which caused Lavoisier to become a powerful advocate 



to ponderable parts offtamt^ — ^Exp. ill.)* From this he reasoned 
correctly, that in calcination, the metal lost nothing by drying 
up, as was generally snpposed, or that if it did, * by this opera- 
tion it gained more weight than it lost.' — Coroll. ii. Bat this 
increase of weight he attributed to the fixation of heat, stating 
it as *■ plain that igneous particles were trajected through the 
glass,' and that * enough of them to be manifestly ponderable did 
permanently adhere.' Had he weighed the sealed retort before 
he broke it open, he must have concluded that the metal had 
increased in weight at the expense of the enclosed air. He 
stood, in fact, at the very brink of the pneumatic chemistry 
of Priestley ; he had in his hand the key to the great discovery 
of Lavoisier. How nearly were those philosophers anticipated 
by a whole century, and the long interregnum of phlogiston pre- 
vented! On what small oyersights do great events in the history 
of.sdence^ as of nations, depend!" — Johnstone, Tr&w&. B^vt. 
Ass. voL T,p» 163. 

0^ 
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of the anti-phlogistic doctrine. In 1785, Barthollel 
also adopted the new Tiew. Foorcrqy and Guyton dc 
Morveau then joined the ranka^ and, firom this timfl 
forward, the anti-phlogistic theory ccmtinaed to advance 
in public estimation^ Its uniTorsal adoption may be 
said to dose* the second great epoch of chemical 
progress. 
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*3D *BBUMB8 IHB FOBil OP XS B: 

o sooDer waa the phlogistic theory overthrown, tbui 1 
ivoisicr and hia associates began to furnish that notnen* 1 
iture of chemical bodiea nlucti, in all its essential 

iTticulars, still remains, although incanaiateut with 
any facta at this time known. The nature and outline i 

thU nomenclature are so well known as to render un- 
eessary any remarks on the subject. The nomencla- 
re is one of great simplicity and beauty, but ajfords a 
riking instance of the disadvantage resulting from the 
^optiou of theories as the ground-work of systematic 
rangements. By a too hasty generalisation of a limited 
imber of facts, the substance oxygen was assumed to 
! the universal former of acids, and hence its name. 
lis assumption of the universal acidifying quality of 
^gen, is a fault which lies at the basis of Lavoi- 
sr'a nomenclature, and prejudices its structure. The 
■eat«r number of acids, it is true, contain oxygen, but ' 
any are without it — and even those which contain 

oannot lexical!/ be said to maniEea^. Wve> (^iiiiaVj cit. 
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The propOTtionality of dionical oonqiositkn ^ 
decomposition attracted but little notice from the tifl^ 
of Bichter until between the yean 1803* and ISdBit 
when Dalton, speculating on the rational conseqaenett 
of the fcicts made known by chemical deoompoi^ 
tion, first promulgated a theory of atoms^ based !ip<A 
arguments no less rational and intelligible than the thecr} 
of Epicurus was irrational and obscure : — a theory whid 
carries with it so many elements of convictiony that i 
celebrated modem chemist has concluded Ids argoments 
for and against the existence of atoms by the remark, "M 
whether matter he atomic or not, thus mtich is certainyM 
grcmting it to he atomic, it would appear as it now does** 

The arguments adduced by Dalton in favour of the 
exbtence of atoms, were such as these: — seeing that all 
marked cases of chemical combination can be demon- 
strated always to take place in definite proportion, and 
that by inference, a similar proportionality may be sup- 
posed to extend to less marked cases — seeing that these 
definite proportions of bodies entering into combination 
are mutually proportional amongst themselves, it follows 
that such definite immutability, such mutual proportion- 
ality, should most rationally be considered as indicating 
a ponderable ratio between combining elements ; and 
that the ratio never changing would seem to be indicative 
of elementary ponderable molecules of determinate 



• Manchester Phil. Trans, for 1803. 

t Dalton's New System of Chemical Philosophy. 
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^^tive weighty unchanging, indivisible ; qualities whioh 

^ be recognised as fulfilling the definition^of an aU>m, 

With the view of practically illustrating the train of 

^^^^Jlsoning by which Dalton arrived at the conclusion 

%at matter should be atomic, it will be well to fix on the 

^em|Mcation afforded by some particular combining 

^^es. For this purpose none is more convenient than 

^he one furnished by the oxygen compounds with 

^trogen, of which there are five, as displayed by the 

'kxxHDpanying table,* 



Protoxide of nitrogen 
Binozide of nitrogen 
Hypouitrous acid . . 
Nitrous acid . . . 
Nitric acid .... 



WBIGBT. 


BA1 


no. 


N. O. 


N. 


O. 


14 8 




1 


14 16 




2 


14 24 




3 


14 32 




4 


14 40 




6 



A glance at this table will show the justice of the 
remark of M. Dumas, — ^that, granting matter to be 

* It would nevertheless be unjust to the late Mr. Higgins, 
of Dublin, were the circumstance not mentioned that he had 
entered upon certain trains of reasoning which, if persevered in, 
must have conducted him to the discovery of Dalton. Mr. 
Higgins, in his comparative views of the phlogistic and anti- 
phlogistic theories, published in 1789, states, p. 36 and 37, that 
in volatile vitriolic acid, a single ultimate particle of sulphur is 
intimately united only to a single particle of dephlogisticated air ; 
and thus, in perfect vitriolic acid, every single particle of sulphur 
is united to two of dephlogisticated air, being the quantity to 
saturation. A similar train of reasoning is applied by Mr. 
Higgins to the constitution of water, and the compounds of 
nitrogen and oxygen. 



S2 
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atomicy it must neoesnril j combine as it is foimd to da 
If, for instanoe, the ultimate molecule of nitrogen aboM 
weigh 14, that of oxygen weighing 8, then it ahooki 
necessarily follow that, in a series of oxygen oomlMDar* 
tions with nitrogen, in whidi tiie amount of nitrogen 
remains fixed, the ratio of progressiye increment of 
oxygen should be a ratio having for its arithmetkal 
basis the number eight, of which ev^y subsequent term 
should be a multiple by a whole number. 

When we come to examine the volume as wdl tf 
the weight of bodies entering into chemical combisstioDy 
a definite order of progression will again be recog- 
nisable. Taking for instance the same five compoos^ 
of nitrogen and oxygen, and expressing by a diagni^ 
the rates of their combining volumes, the following 

result will bo manifested : — 

N. O. 



Protoxide of nitrogen 



IMnoxido of nitrogen 



llyponitroni acid . . I 



Nitrous add .... 



Nitric acid 
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From the inspection of this diagram it will be evident 
; a ratio of measure as well as a ratio of weight 
(ts between the combinations of oxygen and nitrogen ; 
. the same remark applies to every combining series, 

elements of which can be obtained in the gaseous 
tn, and their volumes estimated. 

It is evident that no indication afforded by the 
momena of definite chemical combination, can ever 
e us more than the ratio subsisting between the 
ight, and occasionally between the measure of bodies 
tering into chemical union. Granting, for the sake 

argument, the postulate of the existence of atoms, 
-y must be so exceedingly small that no one can hope 
see them, or to have any other direct manifestation of 
-ir presence ; hence the ratio only of their combining 
'ight, and combining volumes, is all that phenomena 

composition and decomposition will enable us to 
^gnise. But the ratio subsisting between th6 dimen- 
*^ of atoms involves some curious points of specu- 
'^on. Keferring to the preceding table, in which 
^ i^tio of combining volumes between compounds of 
ygen and nitrogen is indicated, it will be observed 
^t the assumed atomic size of oxygen is set down 

half that of nitrogen ; accordingly, starting with 
^ assumption of the atomic size of oxygen being 
^ that of nitrogen, the first member in the series of 
'^pounds of oxygen and nitrogen is considered to 
' a combination of atom to atom ; but it would not be 
^^nsistent with rational hypothesis, so iat «a i«>.e\& ol 
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of the metal being formed, and the acid of the 
evolved. It decomposes the solution of the tribasie 
acetate of lead; the peroxide of that metal and the 
ordinary acetate being formed. It rapidly converts the 
protosalts of iron and tin into persalts. It destroys 
many hydrogenated gaseous compounds : the combina- 
tions of hydrogen with sulphur, selenium, phospborua, 
iodine, arsenic, and antimony are thus affected. It ap- 
pears to unite chemically with defiant gas in the manntf 
of chlorine. It instantly transforms the sulphurous and 
nitrous acids into the sulphuric and nitric acids, and the 
sulphites and nitrites into sulphates and nitrates. ^ 
changes many metallic sulphurets (as those of lead and 
copper) into sulphates. It decomposes many iodides in 
their solid and dissolved state. By its continued action, 
iodide of potassium becomes converted into iodate of 
potassa. It changes both the crystallised and dissolved 
yellow prussiate of potassa into the red salt, potash 
being evolved. It produces oxidising effects upon most 
organic compounds, causing a variety of chemical 
changes ; thus, guaiacum is turned blue by it. Frofli 
the above enumeration it would appear that ozone is a 
most ready and powerful oxidiser, and in a great number 
of cases acts like Thenard's peroxide of hydrogen, or 
chlorine, or bromine. 

When an oxonised atmosphere is made as dry as 
])Ossiblo, and then sent through a red-hot tube, the ozone 
disappears, being converted apparently into ordinary 
oxygen, and no water or any other result is produced. 



4» 

addition to the metfaods in&itod, tboe ire mocker 
ana of obtaining omDe. Tlmi^ lor inatUMe, if into 
ar filled with ether Tipour, a bested wire or gla» lod 
immeraedy oz<me is prodneed, and wiD be immediatdV 
idenoed by the test. Moreorer , when sohitioDs of 
rtaric acid, certaan mis, turpentine;, kc^ are exposed 

> air and light for a ooosidenUe time, ther manifest a 
>werful bleaching ^ect, attributed by M. Sdionbein 

> the generation of ozone. 

The experiments of the {^osopher in reference to 
^ of turpentine, are espedallj interesting. He found 
^at when totally deprived of o^gen, whidi he aeeom- 
Wished by digestion with protostdphate of iron, it no 
>iiger possessed any bleaching effect, and its smell was 
^tered, presenting great analogy in this respect to oil 
^ peppermint ; gradually, after exposure to heat and 
?H under occasional agitation, oxygen became 
^sorbed, and the bleaching effect was renewed. Cer- 
•^n experiments of M. Osann,* will, if confirmed, still 
Hher disturb our pre-«xisting ideas of chemical combi- 
ition, and increase our interest for ozone. He believes 
lat in certain cases when this allotropic condition of 
losphorus by combination assumes a solid fonQ^ it does 
't combine in the ratio of 8, on the hydrogen scale of 
ity — the ratio of oxygen, but in the ratio of only 6. 
le property of this conclusion, however, has been 
oied by M. SchOnbein, on grounds which appear 

* Osann Ueber Ozen-Sanerstoff, Erdmann'e Journ., Band 53 
ft I., Seite 51. 
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sjwmjmciQswiihpimtwepoley ^[ideaihode withnegalit 
poU, 

The introduction of these terms suggests the pro 
priety of others, as will be recognised. Thus, to saj 
that oxygen is electro-negative, or that hydrogen ii 
electro-positive, is so far inconsistent with the correct* 
ness of philosophic diction that it reposes on two assump- 
tions; firstly, that there exist, mutually attractive and 
repulsive terminals (poles) ; secondly that the libera- 
tion of hydrogen at one of these terminals and oxygen 
at the other is the result of attraction. 

That they are thus attracted is a position which has 
never been demonstrated ; that they go there is merely 
the expression of a feet. Hence Mr. Faraday terms 
them, and all bodies which act similarly in regard o^ 
voltaic electricity, ton*, from Ufii, I go. Hence ari^ 
the compound words, an-ions and cat-ions, or, *"' 
euphony, cath-ions. A cathion is that which goes t^ 
the cathode (or negative pole) ; an anion that wbi^J 
goes to the anode (or positive pole). Hence, oxyg^ 
is an anion, hydrogen a cathion. The whole opera 
tion of a voltaic decomposition similar to that ^ 
water, is termed electrolysis, from cXccrpov and Xv«, 
loosen.* 

♦ For details of the chemical powers of the voltaic pil 
the reader may consult — 

1. A paper by Messrs. Nicholson and Carlisle in the Ph 
Mag. for 1800, and Nicholson's Journal, 4to., iv. 183. 

2, Hisinger and BerzelioF ' ''-^^inial, i. 115). 
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Process V, — By Hi*ti11ing the salt chlorate of potash 

retort of hard glass. 

Theory of the Procew.— Chlorate of potash is corn- 
ed of chloric acid and potash. Chloric acid con- 
[IS 5 equivalents of oxygen to 1 of chlorine, potash 
K^uivalent of oxygen to 1 of potassium. Therefore, 
ery equivalent of chlorate of potash contains 
uivalents of oxygen, aU of which are given off hy the 
^plication of heat, chloride of potasnum remaining in 
le retort. 

The rationale of the process is thus exemplified by 
diagram: — 

5 0x1 gen 

60zjgeo»48. 

Chlorate 

PccsMiaffl 1 Chloride (A 

40 . . — Pc«tfBiim=76. 

^roceu VI, — By hesdng in a giass retort a mix- 
'^ of equal parts chlorate c^ potash and bLurk 
^<ie (rf copper, or binoxide *'Uaek ojriis . perox^ of 
**Jgaiiese. 

TUory of ike Prootn. — Simikr to the above, olIv 
' heat neceflfiarr to eff»t dMomf^/otion ^A ih*: 



iSOxTgen 
=s 40. .-, 
1 Chlonne 
= 36. .-r 

\ c 

iPotaih \ 
L =48 . .1 1 



aa^lWr. 



Tin. 



—30° Different Owmiil). 
IWi Tlunvd. 

407° [ Crichtoii. 



Lead 612°J 

TeUarinm, rather leas 

fmible tbsD lead .... Klaprotli. 
Arseoic, nndetennined. 

Zinc 773° DanieD. 

AntimoD;, little bebw 

redneM. 

Cadmimt) 442P Stromejer. 

SilTw 1873°) 

Copper ig96°(DaiueU. 

Gold 2016°) 

Cobalt, rather leas fumble than irOD. 

Iron cast. 

Iron malleable ) require the Ugiie«t beat of 

Ma.ngiLnese ) tmltb's forge. 

Nickel, [luarlv the aame as cobalt. 

P&jladtum. 

Molybdeao 

Uranium 

Tongiiten 

Chromium 

TilMiium 

Cerium . 

Oamiom . 

Iridium . 

Rhodium 

Platinum 

Colnmbium 



Almost infusible, and not to be 
procured in buttons bj the heat of 
a amith'a forge, but fusible before 
oxy-bjdrogen blowpipe. 
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TABLE OF THB DUCTILE METALS ABBANGBD III THE OBDEB 

or THEIB DUCTILITT. 

Gold. Iron. Tin. Palladium. 

SilTcr. Copper. Lead. Cadmium. 

Platinum. Zinc. Nickel. 



TA3LE or THE ACTION OF 8ULPHUBETTED HTDBOGEN (hTDBO- 
SULPHUBIO acid) AND HTDB08ULPHUBET OF AMMONIA ON 
THE OALCIGENOUS * METALS. (bBANDE.) 



Metal. 


Solution. 


Solphnretted 
hydrogen. 


Hydrosulphnret 
of ammonia. 


Manganese 

Ii-on . . 

l>itto . . 
Zinc . . 

^in. . . 


Neutral proto- 
chloride . *. 

Neutral proto- 
sulphate . . 

Perchloride . . 

Chloride . . . 

Acid protochlo- 
ride .... 


No precipitate . 

Blackish, & small 
in quantity . 

Abundant black . 

A little opalescent 
then milky . . 

Brown . . . 


Copious ochre 
yellow. 

Black and 
abundant. 

Black. 

Straw-colour 
and copious. 

Deep orange. 



* Metals admit of division into three primary classes, viz., 

kaligenous, terrigenous, andcalcigenous — the distinction between 

which is founded upon the different qualities of metallic oxide. 

Metals, which by combination with oxygen form alkalies, are 

termed kaligenous, and are potassium, sodium, and lithium. 

Those which by combination with the same form earths, are 

termed terrigenous, and are calcium, forming lime ; barinm, and 

strontium, forming respectively bar3rta and strontia. Magnesinm, 

alamininm, yttrium, thorium, glucinium, cerium, lanthanium, 

didymium, zirconium ; all the remaining metals, form neither 

alkalis nor earths by union with oxygen, but generate substances 

which early chemical authors termed calces. Hence the term 

caleigenons. Calcigenous metals are alone affected by hydrosul- 

pharic acid and hydrosuJphate of ammoma. 
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At a temperature of 60*^ F. water absorbs two 
volumes of chlorine. The solution has a spedfic 
gravity of 1*008, b of a pale yellow colour, has an 
astringent nauseous taste, and, if aqueous moisture 
be present, a bleaching agency. Chlorine is not a 
combustible, but a supporter of combustion ; the results 
of such combustion presenting a general analogy to the 
results of combination with oxygen : viz., some are acid, 
as hydrochloric, hydrobromic, hydriodic acids, — ^whilst 
others are not acid, and are simply termed chlorides ; 
as chloride of magnesium, of sodium, of calcium, ^' 
The presence of free chlorine may be recognised by 
its colour, odour, and bleaching quality ; by its cap*' 
bility of dissolving leaf gold ; and by its action on 
soluble salts of silver, with which it occasions a white 
curdy precipitate, insoluble in nitric acid, but soluble 
in ammonia. 

BROMINE— ETYMOLOGY, HISTORY, NATURAL HISTORY, PBB^ 

FARATION AND PROPERTIES. 

Etymolooy. — Bromine, from /3pwA*oc, graveolmtia, 
on account of its peculiar smell. 

History. — Bromine was discovered by M. Balardj 
of Montpelier, and first described in the Anndles di 
Chim, et Physiquey for August 1826. It was originally 
obtained from the uncrystallisable residue of sea watei 
after evaporation, but the chief sources of it at this 
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time, are the saline springs of Theodorshall, near 
Kreutznachy Germany. 

Natural History. — Bromine is extensively, 
though sparingly, difiused throughout the whole ocean 
^d certain mineral springs ; always in the state of 
combination. 

Preparation. — The method of preparation, or 

extracting bromine from its combinations, whether in 

the ocean or in mineral springs, is as follows : — Having 

evaporated the bromine-containing liquid, and having 

^us eflfected the separation of readily crystallisable 

^es, chlorine is transmitted through the bittern, or 

fluid which remains. Chlorine having the power to effect 

tlie decomposition of bromides, bromine is set free, and 

remains dispersed through the fluid. Ether is now 

^ded, in which fluid bromine is soluble, hence an 

ethereal solution of bromine floats on the surface. All 

that now remains consists in effecting the separation 

of bromine and ether. Distillation cannot be had 

'eoourse to, since both chlorine and bromine are exceed- 

^ly volatile ; therefore a somewhat complex mode of 

pix)cedure is rendered necessary. The ethereal solution 

^g saturated with potash, two bromine salts are 

fonned ; namely, bromide of potassium, and bromate of 

potash. These two salts being collected and exposed 

to a red heat, bromide of potassium alone remains. 

This salt being mixed with binoxide of manganese and 

wlphuric acid, yields bromine by distiWalVoii. 
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ih^ c«^o f<r«««dix:s simple bo^es. The smell, t 
pevsMfiC^ an Aiul«'^. mspI so do the cbenucil rdatioDs 
ihe luvi^. X^>r is this all : just as there is a progrea 
rvlaci'.^ as to c^jhesacHi. so when we omne to eiam 
zhr* iveal*-r>::.g powers of the three, as indicated 
tli^ir rw^ieedve e^ui^-alenta or atomic weights, the sa 
ciurual r\*!auon will be rendtfed eWdent. This eireu 
»:a£Kv ba5 b^'en made the ba^ of some beautiful spe* 
h: !•.':;$ by M. Dumas — speculations which have scare 
vvc a^^uaied the coosbtence of a theorr, and which ; 
i»utv at the present time to be ransred amonest t 
|H»e:io day-<irvams of a philosopher: — ^to be regan 
as M>me of the poetic illuminations of the men 
horizon, which po&sibly may be the harbinger of an 
law. 

Kcirariiii'.ir ddorine, bromine, and iodine as ( 
triad, it will Ih» seen, as we have observed, that betw 
the tirst ami the last there is recognisable a well-marl 
progression of qualities. Thus : chlorine is a gas ud 
unlinar>' tcnii>eratures and pressures; bromine a fli 
itHliuo a soliil : in tliis manner displaying a prog 
sion iu the difterenei* of cohesive force. Aga 
cldorino is yellow, bromine red, iodine black, or 
va|H>ur a riHldish violet. Here we have a chrom 
progression: — and, strange to say, if we refer to 
utomic or iHjuivalont weights of the three, a num< 
piH>gre8sion will bo observable. Thus, the ato 
weight of chlorine is 3o, of bromine 80, and of iod 
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.25* ; and now, if the atomic weights of chlorine 
ind iodine be added together and divided by two, 
^e result will be the atomic number for bromine. 

TABLE SHOWING THE NUMERICAL RELATION BETWEEN 
THE ATOMIC WEIGHTS OP CERTAIN TRIADS. 



/40 

"I, 



40 Potassiam 
Sodinm 24 
Lithium 

20 Calcium 
89 -I Strontium 44 
69 Barium 

16 Sulphur 
80 ^ Selenium 40 
64 Tellurium 

COMPARISON BETWEEN THE PROPERTIES OP CHLORINE, 

BROMINE, AND IODINE. 

Chlorine . . Gaseous . . Yellow . . 36 ^ 
Bromine. . Fluid. . . Red. . . 78M62 
Iodine . . Solid . . . Purple . . 126 ) 

Thus, we have here one of the many scientific 
developments of late origin, which tend to lead us back 
^to speculations analogous with those of the alchemists, 
■^eady have we seen that it is possible for one body 
to assume, without combination, two distinct phases of 
Dianifestation ; therefore such of the so-called elements 
^ are subject to allotropism, are not the unchanging 
entities they were once assumed to be ; and now we 



* The atomic weights of these and many other chemical 
S'lbstances slightly vary according to different experimenters. 
The numbers here given are adopted by M, "DwHias. 
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be thus expressed: — when three bodies haTing qualities precisely 
similar, though not identical, are arranged in saccession of their 
chemical powers, there will be also a snccessire arrangement of 
mathematical powers, indicated hj the respectiye atomic nombers 
of the substances; and amenable to every mathematicallaw. 

" That this symmetry of chemical with mathematical function 
points to the possibility of transmutation is nnqaestionable— 
yet not transmutation in the sense of the old alchemical 
philosophy. Chemists see no manifestations of a tendency of 
being able to convert lead into silver, or silver into gold. 
These metals are not chemically conformable. One cannot take 
place of another by substitution. They do not form an isomerlG 
group. The probability is that our first successful transmntatioa 
as regards the metals will efiect the change of physical state 
merely without touching chemical composition ; thus, ahready 
we have carbon, which, as the diamond and as charcoal* 
manifests two widely different states. Sulphur also assumes 
two forms, as also does phosphorus. Then, why not a metal? 
This sort of effect M. Dumas suggests will be amongst our first 
triumphs in the way of transmutation. 

^^ In conclusion, M. Dumas cited in support of his theory the 
fact that bodies of conformable qualities were generally found in 
union or proximity, whether as presented by nature or formed 
by the agency of man. 

"Thus, with iron there is associated manganese. Where 
nickel exists cobalt is not far off; — and in the organic kingdom, 
when man elaborates alcohol, there are simultaneously formed 
small amounts of ethereal bodies. Wherever viewed, chemistry 
is full of the startling coincidences now introduced to onr 
notice for the first time by M. Dumas; and, whatever may be 
the difference of opinion as to the speculative notions of the 
philosopher, there can be no doubt that he has opened a wide 
store of chemical treasure."] 
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K^BBOOBir — ITS SYTfOlTYMES AND ETYMOLOGY, HISTORY, 
ITATUBAI. HISTORY, PRBPABATION, AND QUA.LITIE8. 

Synontmes. — Hydrogen, ir^wp, water, ytwuv, to 
^Derate. (Lavoisier.) 

Inflammable air. (Previous chemists.) 
Phlogiston. 

Rlstory. — Hydrogen was first examined in a pure 
tate by Mr. Cavendish in 1766,* before which time it 
ad been confounded with several of its compounds, 
mder the name of inflammable air. 

Natural History. — Hydrogen exists largely dif- 
used in both the inorganic and organic kingdoms. In 
he inorganic kingdom it is a constituent of various acids 
n combination — as the hydrochloric, hydrobromic, 
tiydriodic, acids. It is also a constituent of liquids — as 
vrater and naphtha; of certain solids — as sal-ammoniac 
and sulphate of ammonia. 

In the organic kingdom hydrogen is found largely 

♦ Phil. Trans, vol. Ivi. 144. 
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»•! 



fuering into the oompoBticRi of Miimal* and TCgetailM 
i'hiedv in the tarn of water and ammnma. 



Preparation Procut L — ^Bjtibe dectro^yas 

water, oach resulting gas being separately coHeetei 
'Fliis i>roct»8 lilNHrates hydrogen m the oonditi<m d 
absolute purity. 

Frootiss Z7. — By adding a mixture of one part oil 
of vitriol by measure^ and about four or six by measure 
< >t \vater« to comminuted zinc or iron. 

Vhnvry of the Prooeu. — ^Neithar zinc nor iron are 
«.*upable of uniting directly with sulphuric add : oxide 
• >f iiuc :md of iron, however, combine readily. Thv&y a 
iltH.*om(Hn^ition of wati^ is determined. Oxygen of 
Mma*r uniting with zinc or iron, forms an oxide of these 
tuotub respectively, hydrogen being developed. In & 
«.liut;nuuniatic repreaentation the decomposition may he 
chus oxpreswed : — 

I Wuwr = 9 * ^ Hvdrogen=l ^is evolTed 

^ U Oxygen =8^ 1 Oxideofffinc =42— 

I ^ino =34) J 

I Suipiiuhc Acid . . ^^ 40 [ 1 Sulphate of Oxide of Zinc 

J =83 

Prvcffstif ITT, — By transmitting aqueous vapour 
through a gun-barrel or other tube of iron heated tc 
rtHiness. 

Theory of the Process. — The water being decom 
po«sed, its oxygen unites with the iron of the tube, — anc 
hydrogen is evolvetl. 
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i. — By neither process — ^IL norm. — can hjrdro- 
i be obtsdned in a complete state of purity, in either 
eing contaminated with a carbonaceous result, 
ps, alsOy when zinc is used with a little of that 
in solution. The latter may, however, be se- 
ed by transmission through solution of potash. 
^recess IV. — By passing up into a tube inverted, 
filled with water, a piece of potassium or sodium. 
Theory of the Process. — The potassium or sodium 
ting with oxygen to form potash or soda, hydrogen 
iberated. 

Properties. — ^Permanently uncondensable andaeri- 
>nn — neither taste nor smell when pure. Slightly 
oluble in water (108 cubic inches of water dissolve at 
to® F. about 1*5 inches of the gas). May be respired 
»nce or twice with impunity, but if continued b fatal. 
s a combustible, but does not support combustion. Is 
leither acid nor alkaline, — and the sole result of its 
ombination with oxygen is water. The lightest pon- 
lerable body in nature, being sixteen times lighter 
ban o^gen, and lighter than atmospheric air, in the 
atio of 1 to 0*0696, which latter number is, therefore, 
aid to be the specific gravity of hydrogen. At the 
emperature of 32^, 100 cubic inches of hydrogen 
f eigh 2'22756 grains. Hydrogen is usually regarded 
iS the unit of atomic weight, and the size of its com- 
bining volume is double that of oxygen. 



LECTURE III. 



HYDROGEN. 

KATXSlAlf JL>P ATTAi&ATrS XBQCXKKD FOB XLLrSIBillVO 



tinuiulmx«c x:iie. 
Sutiiliorir and. 

Tmtk^ «*impi^ u^ Nipper 

^lixtufr of two Tolnmet bjdrapoimd <■« oxTpeB im ajar stasdiig 
fin thr piuninuiur troofrb. 

lii^ and ifti for hlA«ria|r aiHqw.lmliUfla with mixed gases. 

i:«r(«ndBiliV ondiamcder, electrieal machine and Lerdoi^. 

i^anJlr and oil lamp for dtmoaaHntimg that w^er nsoItB from 
Uieir nwihoHtion. 

> nluir hatunT and tnbee fbr ooHectipg oxTgea and hydrogen front 
wal^r ilcKvtmpoiK^. 

IMaUiiuni wirr to be ijrnited br the roltaic battarr. 

A)t}uinanfi for pawin|r steam orer ved-hot inm and deTelop>]>l![ 

h>^-nrii«i! tiib(« fiDod with water, for the pupose of generstin{f 
t.vJr«)^ykii )<\ rtnitad with sodium. 

- ■ * 

Sn.uij^x pUtinum, 

tCvtlts^Tiw Mill rJtlorine in tahet to be expoeed to son-light 
)livu)u nr mn*\ \\\\\T(\f:nn and hot wire. , 

i>))i.\!'iitr and livdmpwn ready to be exploded in CaTendiBhB 

^o •^vihi.tf^i^ Af ammonia for the evolution of hydrochloric acid 
l> ,v\iii».x; « lU; iiul)\hurir anid. 

>;> .nvvthUirif i».-ii.} det^oped from salt — ^its properties to beinTes- 

V<\^\),C*,^ a«^J mtit an atmosphere of a little chlorine to show 

I v\*>x\\\^H \! fxvriunat^, in opening this lecture 

• v^.: U\vli\w\>»** that the arrangement of elemen- 

:^i\ \sv,luvv j^> Ai\wo\uu\Hi in the prospectus, enables 

^c ,\» f^o up l\\\\r\^H^ M t\ie ixiosX* coxi:^«iSkRSE& 
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i for bringing prominently before your notice, 
by comparison with the elements already con- 
'ed, some of its most remarkable points. You 
aware tbat it is not my object in delivering this 
rse of lectures to present you with the complete 
ory of the relations of the non-metallic elements, 
. merely to illustrate certain leading points in 
inection with them. 

1 therefore shall say nothing concerning the history 
hydrogen, but shall at once bring before your 
>tice the methods of preparing this element. 

Without goiag into details of manipulation and 
?paratus, let me at once proceed, in a simple way, 
> show how hydrogen may be produced. 

It is ordinarily evolved by adding either rinc or iron 
a a mixture of oil of vitriol and water. 

To illustrate this process I take the metal zinc, 
'Qcause not only is it nearest at hand, but because 
he result of its action, when brought into contact 
Hth the acid mixture, is that to which my table 
efers : — 

1 
Hydrogen 

^ater 1 Oxygen + Zinc 



■V 



42 40 

Oxide of Zinc + Sulphuric acid 



v. 



82 

Sulphate of Zmc« 



IT*; 

Utin' ^nr.\'\*n parCf lilt power of -vLdle tli 
siomi;. &ii<>Uiu vniz mdefanne*T imiil son^e canse 
un: •:. '•■ anijlieu. anil iiiei. furiousl'v msL inwcombiai; 
lio:. ^iy^. lom. tin bianii. imirrharimr LqTniirar€r,»to 
Hi:. I fOii!t-s=. :. Dbenomeuoi. viiifL eDntia'aaljT amkflB 
ii.^r li-jmi^* o: wonder a.- ufrer. af* I view ii, 

AiiL. ii'iv ie: u? ]>oiider lor at inszanx on the kidiog 
uUiiliiit-* — til' poftvu — o: waier. Ler n* ec^nader Iwf 
V. i..iv!;i i: i- distri'imifi; liiToucIioui naiure — how nomfl^ 
iiu- ii? luiioiion? — iiow tremendous iis operations — mi 
yi»: ii.iw miid. how ))land. how seeminrlr powerless dni 
winideniL liquid is. Lei us A"iew it in relation tofl* 
srrucTUTf ol liA-inr: }»einp». and refleci Low intimately 'i 
sji-eni- connected with ^-italirr. Xox onlv does it batl* 
tij* ni"?: dfiicatf tissues and orpms with impunitr, but 
ii ome^^ lurc'ely into the composition of all organised 
1 oriii - . N ci strueture oi corporeal vitality is without it as 
uii f-TM-'ntial element. Water eonsdmres at least nine- ^ 
1^•Il:il^ )iy weight of our own bodies, entering even into ■] 
tin- vtTv l»one5 ; yet this is but a trifling fraction of the 
;tiii«»uiit of water enterine: into the structure of certain 
lov^cr animals. Look at those delicate sea beings, the 
tiifiliiNi'. and reflect on the vast amount of water which 
ilic'lr >iiiuiures c*ontainI Pellucid almost as the ocean 
iti wliirii ili«*y dwell, these creatures float about in the 
full \imuir «»f life; yet one may safely say that the 
iu..|ii>.t luh^ihl of no less than nine hundred and ninety* 
1 .1 1 1 . • I v,i i ( > w « ( IT ! Water in this great amount pervades 
«t,»h s\li.ilt> ivononiy. Without much violence ^^ 
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igC we nugbt call them living forms of water ! 
lew these same medusae taken from the oeean and 
Ted on the beach, exposed to the influence of the sun 
air — ^their aqueous portions gone — ^what are the 
isse then ! Shadows almost — a substance barely — 
nerest shred of filament and membrane ! 
Dhe contemplation of this circumstance is the more 
ige when we consider that water, whilst in the 
nic structure of living beings, is continually under- 
ig changes, not so powerful in their manifestation, 
ough analogous in their result to the explosion which 
have seen — continually yielding up its elements to 
luce other forms of combination. 
Water, you are aware, was considered to be an ele- 
it by the ancients — an opinion which has been thought 
be unreasonable and ridiculous by some ; but for me, 
onfess my inability to see how the ancients, with the 
cunt of evidence at their disposal, could have arrived 
any other conclusion. Viewed in its relation to the 
[verse — ^to its great natural manifestations — ^to the 
'ge range of substances into which it enters — to the 
mifold purposes it subserves; and, more than all, 
3wed in relation to its intimate connection with living 
rms— water does seem to present to our minds the lead- 
? qualities of an element ; and it is only by the 
i of chemical analysis that we prove the idea to be 
correct. 

When oxygen and hydrogen unite, the result— the 
ie result— is water, as I have remarked, but not dc* 



^ » 




2*-iB«niiknti. 1«< u^ 'aisECMR. z«»v piooeed to demoa* 

r!iid> xog:: imss vessel, wiA 

^ouniMr jcal-ojaL chrvMuA wbkb an 

'^^^^R ujMiMi 7J piitai rvi.^ wiKfl of plitiuom, 

^k > -a: .'•jacr-viiiL ^245 the air whidiit 

m *juBim&^ Tiikj .:« removed by means 

a 'I 'Uti ur^poQic^ i:>ia Tiouum,orit 

§ t4&c la .ftpor:>«k:iL to a Taeaam, 

m »»nn*L ;s.Tiwi:ir ciii* vessel, nowi 

^ uti^r CS' ur 'i;k«- >Mfi exhausted, upon 

':\> ar jc' 'iuaijii oiv^n and hvdro- 

c 'u -u :ii«f rai»: ;•£ one to two, mm! 

•■iruiiir *:iii Koccock. the water rises 

.11 -u« TIT. ^ v'.Hi o<!i!erve— a rise 

%-UL-ti > Ji»iicaciy\f oc the fillinirof 

•It' • hTS^sfi vLc J. xixed gas. This 

'u>v« riOM! 4a 'jLiKcrijL' s^urk to traverse 

r*-. » A .t r>«<» »%^*'me* >*nf3ced wich ILrfic : the two 

,^se<.> :^ ^ .«'Ui.>uii'^. iiif :iiick fiasss v^^seL dry at first, 

X \*.x .*-.*. %i\ w^'i^'^n^ .ind. iiti socscur^is water. I 

n .* 'u-t •.'.«.» s.L'ix\vk. iad. observe, more sas rushes 

M* wivi iv>«%. vuc^iit^r i:}«'ca«;r eije^trlc srark. we obtain 

i» IX \ K r i:wsi~ iai ' I -J V r .vmoia A£;«:tt— a:ic cher coa traction 

i ii'i.tic. I tiiU'ic x^c 1 tair".: ccarw— a third combi- 

i.ui »i 'vr-Kji^ I :«.'iir«.!; . bu: :h«e ooatinuance of this 

,\vi'iiicoc >»vaM ',v uao<vn?c» and uncertain : dan- 

i^T»,\u's 'xva-L5<' ^uci: r^WttiB v?f combustioii hemts the 
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and increases its tendency to rupture ; uncertain, 

^lecause the amount of aqueous ^'apour fonne<l would 

SiKt^ere with the action of tho electric spark. I'liis 

^^>eriment, so conclusive as to the composition of water, 

'^ owe to Cavendish, and this thick glass apparatus 

hears his name. 

Although this form of experiment is the most per- 
fectly demonstrative of the composition of water, yet 
there are innumerable phenomena of a more simple kind 
which bear evidence to the same fact. Thus, for instance, 
tf I bum a jet of hydrogen under an inverted jar the 
Qdes of the jar are speedily bedewed with a liquid, wliich 
IS water ; and, by continuing the experiment, water in 
eoiuiderable quantities may, without difficulty, be col- 
Wed. Nor is a jet of hydrogen indispensable to this 
Tesdt; any combustible body, having hydrogen as one 

1^ its component parts, producing a similar effect. Thus, 
fcr instance, I may produce water from the combustion 
^ a candle, just as I produced water from the combus- 
I tion of hydrogen, by substituting a candle in its place ; 
I and in this way it is most interesting to see the great 
quantities of water thus being formed as a result of the 
phenomenon of combustion.* 



* This copions production of water by the combustion of 
hydrogen constitntes one of the great objections to gas-stoves 
without flues. These stoves neither smoke nor generate ill odours 
H is true, but the water which they generate is sufficiently con- 
siderable to prove injurious to articles of furniture, and to the 
hnmaa constitution in certain states of health. 

M 2 
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v.i:er. Asid wlpharie ftcid, although it liherates tb 
ivir*.'c«a noQt the water, ret the source of this lilwA- 
cca » Obcc dlreitlr manifest. I will now effect a nmikr 
rwuls ':«v emplovicur another force — the force of ydttuB 
^^•^(.'crLv:i:v. Huese two charcoal points, which tenninitfl 
eoc :, ^:s:t;cc£vely a copp« wire, are in connection, h] 
3tof&r^ oc c^L^ie wLnn^ with the ends or terminals of 
cvwtfc •:: a ^\}v;a:o batterv : and, if anv one deserved to 
zj^t A2L arfArans stamped with his name, surely that 
:r.>.i;.vv.iujLl «a5 Votta. Bringing these two charcoal 
pcc"» i:i:o vvataot. you obserre a wid light is given 
ro«i : i;:i"«I ir: tab li^t we have the evidence of the 

1 wiV. now vary the experiment by removing the 
v'l^arwNju :v::i:9^ and attaching in their place two sheets 
x^f ;hi- luvcju pUiui'sisi. These two sheets of platinum I 
vi:;^ :v.:^^ a I:::Io water slishtlv acidulated ; but the acid 
ha5 UvKhLr^ to dv^ with the final result. Obser\'e the 
v\»:id:;ion ir^ro wh.oh the water is thrown, being per- 
\"adovl vri::i bul^blo* thrvmghout, and presenting an 
ajnxMranw v^ry niuoh iv^embling that which occurred 
when a ir»ix:un:^ of water and sulphuric acid was added 
to tho metal £lne. The sheets of platinum are not 
brousrhc iuco ev^ucaet. vou will remark, but are at some 
distanee from eaeh other: vet the effect to which 
I directcii your attention takes place. 

In this result we have a proof that the water trans- 
mits a certain power, the same which you just now saw 
evideDced in the manifestation oi Yieax, \i\i\ iwjrw msA^ 
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'^■he muufest&tton of chemical decompoailion. By a 
■fliglit variation of the experiment we can succeed in 
"IliiiiH^ this power to manifest itself under the aspect of 
%n and of decomposition at the same time. For thi« 
firpoM I substitute & wire of platinum for the copper 
>ire just now osed ; and, observe, the platinum wire 
hcomes red hot, whilst the water is driven into gas 
kibbles, ks it was before. 

I wish now to draw yout attention to the fact that 
the gas bubbles in question are not evolved from ererj- 
part of the water alike, but merely from those portions 
immediat^y in contact with each sheet of platinum ; 
tima showing that the electric power is, by some means, 
utd under some invisible form, transmitted through the 
interrenitig water. 

Let ua now proceed to 
collect some of the mixed gas 
which is being evolved — a 
matter of no difficulty. We 
have some now in a tube, and, 
applying a flame, you will 
easily recognise the misture 
of oxygen and hydrogen by 
the flame and the slight ex- 
plouon ; but by a slight modi- 
Scadon of apparatus it is not 
difficult to collect these gases 
unuch as hydro- 
^Ven off exclusively 
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nitrogen especially characterises animal, in oontn* 
ills tiuct ion to vegetable, beings ; nevertheless it is found 
in the latter, but in small quantities. The natural orden 
cruciferse and fungaceae are amongst vegetables espft* 
(*ially rich in nitrogen. Inasmuch as animal beings 
contain so much nitrogen, and vegetables so little, 
Berzelius has imagined that nitrogen is generated in 
some unknown manner by the animal functions. This 
idea, however, has been opposed by Liebig, who, wiiili 
the majority of chemists, believes that the nitrogen 
existing in plants is sufficient to account for the laip 
quantities of that element locked up in the tissues rf 
herbivorous, no less than other animals. 

Preparation. — (1) By the combustion of phos- 
phorus in atmospheric air ; the result of which is the 
formation of phosphoric acid and the liberation d 
nitrogen. 

DIAGRAMMATIC ILLUSTRATION OF THIS DECOMPOSITION. 

Atn^ospheric air j ^'''''^^ Aisevolved. 

Phosphorus . . . ''^^^"jPliosphoricAcid. 

(2) By transmitting chlorine through a solution 
of ammonia ; chlorine uniting with hydrogen to form 
hydrochloric acid, which combining with undecom- 
posed ammonia, hydrochlorate of ammonia is formed, 
whilst nitrogen escapes. 
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GRAMMATIC ILLUSTRITION OW THIS DB0OMFO8ITION. 



lonia ( 1 Nitrogen = 14 ^ is eYolred. 

17 ^3Hydrogen= 3) 

rine ^j^^jSHydrochlonc 



=111) 

= 51 i Hydrochlorate 



of ammonia 
s=162 



) By agitatiog a liquid amalgam of lead and 
ry with atmospheric air for two hours or more, — 
esult of which is absorption of oxygen and 
ion of nitrogen. 

) By mixing iron filings and sulphur with water, 
xposing the mixture to atmospheric air for the 
of forty-eight hours. In this, as in the preceding 
tmospheric oxygen is absorbed and nitrogen set free. 
) By exposing muscle (flesh) to the action of 
acid in a retort to which heat is applied. The 
of this decomposition is exceedingly complex, 
innot be satisfactorily explained. 

iOPERTiES. — Nitrogen is permanently elastic and 
less. It has neither taste nor smell, does not act 
'^egetable colours, nor does it whiten lime-water. 
s latter characteristic especially it is distinguished 
carbonic acid. It is neither acid, nor alkaline, 
• supports combustion nor bums, — although its 
al relations impart to it some claim of being 
ed a combustible. Water which has been boiled 
s it to the extent of one and a half per cent. Its 

N 2 
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:-":-i.' ^"jd -^tr tj-r s-.t^aac^ generally, of tha 
:: r^i.:.*' 4:.:jri-n I --fi -:•: Irok larther for exampla 
-:.«: ■.- .-lj»:> Lf.ri-:"i rj rourin^ the add ova tit 1-- 
:.: ■ .:-:•"• --<:»:-.'CL :-1t Li eiiher case tou obaerw 
~:ii •■'. : 'i^i T'liw-f : izL eiiher case vouolaerw 
"^^ -LiZ«r: :■•• •:j^*i fjiiii-es evolved; but when tin 

f-i.- :. : - :.-^ I -rr-it inj-.-lutle residue renute 
T :■ - :^- V :• -rr*.'; Tis icir-^'vtjd there resulted* 
^ i . - - -- :■ L-i :":•= :-l;ii:,Til rowers of nitric acid, 
:..:.:. . ■ :- .'•:"i^-: -rij:':. :: is-ir-plied: but on these I 
^".r.. j.rrv t:t :':-h>r: r.-:-: Cvisc to rive vou » 

. • :. :. .^•.^■'■- T.-k T.-.-o.-^f ."•:' il^ o:-nip^>unds of nitTOgeB 
■ T^ 7. rri: b^'.^\. ':n-:isu5e of its falling natunll^ 
;-T.: :c r:T ii*o:urs^, and because of ito 

m 

. y:c t-m see- however, by casting 

:•: t-*:c.-.T->unas of nitrogen ind 

: m: -■:::•: *c:"risTiZf.'v* <:ind before it, if we haw 

-. r : :-. r. ..- .'i-ril :-;-.u'»:lIv::: of oxygen with which 

- c ■ > .••-■.": •."-■•.\ Tr.vdrs: cosipound indicated 

^. ' : ;■ > .'. ;•- ■.-.-.';•; uv:.; ::' vzo voluiae nitrocen with 

.:' v. Ctv. : ::.:> »>:-:nr<und I have here 

-*. ; ■." :: ; <":.Ayn :: a ^.v-ourlt-ss gas. It is the 

■\.'. ;: :v.:r;c:v.. -t :-i::*:u> oxide — sometimes 



-'." .■ .'. • v^ r... ; .:. Iv. *- ir.*:^-: :>.e hean shrivels 
.*.".■. .•■.-■:-:.::> :: ;v.c-:";.:r.: ::< cr^jZiusI size. The experi- 
. ■■ s -• ; . •• .r.r. >:c".::: :';? c-.e. f.v.l miiv be performed 
■",'.:: :-v.;:^ >•• >:v.-;.v.:v^ :r.? rsV'::: \\::h a Mo\r on the head 
""':.■;:•: ;/ .■•.■;■.■..,: :>.; :r.:rf-'s. aT.iiij\ laying the heart. 
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lied the laughing gas, owing to the curiously exhila- 
tmg effect it produces when breathed. Tlus gas i» 
^Derated by the distlQation of nitrate of ammonia, and 
lords another instance of a nitrogenous body being 
Roduced by an indirect agency. 

This gas has a sweet taste, if one may be per- 
litted the application of this expression to a gas, — and 
bs physiological effects probably having been made 
■miliar to you, I will proceed to draw your attention to 
i circumstance illustrative of the accurately-adjusted 
3e]aiice of powers by which all created things are adapted, 
Bftdi to the fiilfdment of its own pecuKar end. 

Not long since I remarked, that of all the associations 
of nitrogen with oxygen, none, so far as we knew, could 
iliseharge the functions of the atmosphere. Now here 
is a gas which may be breathed with impunity for a short 
tune, but if the time of inspiration were to be prolonged, 
<leath would inevitably ensue : here, then, in one great 
Oficessity of the atmosphere, the nitrous oxide is deficient. 
Urt us now try it in reference to combustion. Judging 
km the great amount of oxygen which it contains in 
comparison with atmoi^heric air, one might infer that 
this protoxide of nitrogen would be a better supporter 
of combustion than the atmosphere : this inference is not 
OMTect, absolutely. It is a better and it is a worse sup- 
[KMrter of combustion than atmospheric air; but it is 
necessary that I explain ; which explanation will best be 
Booomplished by means of experiment. On plunging a 
taper already lighted into a jar of tVns g%a, '^Q^ ^vll 

o 



wah laA more brilliaiq 

wsir as diiseipai 

i>xide u a belli 

€ zif 'acMT. • ijujalbl >i 7iiu»phoni& only jiri 

tu la ■*xTvng that wodi 

it aUovd 
imder cImi 

•"iiaCiii<BK ar ]««iai»k4*K 5 -^jL^injEuisajed : a eircifli 
«ujxvr «T2i£fli iiuii I Mil" nv £saRBiHL >>f oe gas i 

rttv rami. axu. rfsnwsditt^y T:?r3i. AHnxKcscioiL 

— « v'TUit vnw9 sir>r«^ :ziac aif^ pi>w«r oc sapportn 

'^nniTaMinii > tie!**, mr zaac x s »xbr bn?azfat in) 

Lh'rv '?;:itf!rinynnifc. ztuc iic/iis fji3^ zai^ vvcl*! iave be 
r • »t jil • • u lil I71J-L T / . laasL finrs^nair x-c lie annospbere 

iMTii>Ti<ii IP"' liitrfiiTfaj liiic riSTCvfL. j^^jCftTVTLbv the tab 
• itiifH III* tuiKfuaf- (if xiiirftpvst. a rajtetuXis sohstance cc 
TAititfii* Tw-ifff ihi- itiiKiuiri (if iiXT-mi bead in union bvt 
t«»n«»'» ljik« ihf jirffl-ciDdf. you wiil observe it 
,. ,i..Mtl.s»* wliilst (•••iifiiitxi ill a <-3c»5.t^i vi-ss^L astkisbot 
t.» iMMRiii.'c; )»iit ii if^ diffcrpnt from the former, not oi 
>iii«i]M Alt Mill. Init in its manifestations. Thus, ii 
n..|i. r}ii> «t«'p|^''' ^^ ^ l>oU\e containing this gas, \ 
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fl immediately aee the p<»tio]is of it which come into 
■lact with the atmosphere change colour. This arises 
an the formation of two new substances, hyponitrous 
d nitrous acid, mixed together in varying proportions. 
hue substances result from the combination of the 
■oodde with more oxygen ; let us see, therefore, what 
e -result will be of mixing some of the binoxide, not 
ilb atmospheric air, but with pure oxygen. In this 
r, standing over the pneumatic trough, is some pure 
Cf gen, and into it I pour some of the binoxide of nitro- 
SB, standing in another jar : you observe the intense 
WDge vapours which result, — ^much more intense than 
hen we mixed atmospheric air with the binoxide : and 
in will also observe how rapidly the orange vapours 
BB produced are absorbed by the water. On account 
' the orange-red vapours thus developed in bringing 
nozide of nitrogen in contact with the atmospheric air, 
oxyg^i, or, generally, any gas containing oxygen, the 
ro remaining gases become mutually tests for each other : 
e i^pearance of red vapours on the admixture of 
Qoxide of nitrogen with any unknown gas being indi- 
tive of the presence of oxygen. 

The general tendency of all the series of oxygen 
mpounds with nitrogen, is towards acidity ; and, in 
B three last compounds mentioned, namely, hyponi- 
HIS, nitrous, and nitric acids, the quality of acidity is 
ry highly developed. The test for general acidity is 
her tincture of litmus or litmus paper. If I take 
ilip of the latter, and hold it in tVie oi«Si<^<^ ^>asAft%> 
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tfi.«:i. A while se^menc will form, which must 
illp>wed CO nbiiide : che deir soladon must be decu 
i2fi boilied CO dnmeaii in a glass vesseL A white n 
will Ksain. which mav be fused in a platinnni crud 
x=.«i pcur^ oat izico a dean copper dish. A transpai 
iubtfCizice b chi» obtained, consisting of phosphoric a 
widi phcftphace and a linle sulphate of lime, commc 
iknown under the name of giats of photphorui, 
y:-rvi« phoephoms when distilled at a bright-red 1 
v:;ii oIjkrccdL < Brinde.) 

*" Wohler recommends, instead of the preceding, 
•uloiae ivorr-bla^ t which is a mixture of phosphat 
Lijzie and «M3arccal with fine quartzy sand and a li 
oriisATT oharccol in cvlinders of fire-clav at a ^ 

» » m 

z\zx recnpenture. Each cvlinder has a bent co] 
:ube adapted to it. one branch of which descends : 
;i v«sei containing water. The etfieiencv of 
rr.ves6 depends upon the silica acting as an acid 
cv^a:*jLiLi::i: with the lime of the phosphate at a 1 
:•:■:• I ivr^rare. while the liberated phosphoric acic 
itwcipc^sed by the carbon." (Graham.) 

I^OPERTIE^ — Phosphorus, being one of tl 
<ub6caaces which are subject to allotropism, assv 
cwo disiiuot conditions, necessary to be treated of s 
rarely. In its ordinary state phosphorus is a taste 
vvlourios*. or light-bud' coloured substance, of wax 
i''.^!isisteiioy, semi-transparent, and at ordinarj* ter 
m tares dexible. Its specific gravity is 1'770. J 
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Molable in water^ but soluble in ether and in oil. At 

(M»^9 air being excluded^ it melts; and at 550^ it 

IOb, yielding a vapour the density of which^ according 

l^lhimas, is 4*355. At all temperatures above 32^, 

kuphOTUs, when exposed to atmospheric air, is lumi- 

snd a temperature of about 60^ F. causes it to 

into flame. This extreme combustibility of 

Ijhosphorus renders it necessary to keep the substance 

iBder water ; from which it should be taken, for the 

pnpose of experiment, with great caution, friction 

Ving carefully avoided; and whenever desirable to 

W it into fragments, this operation should take place 

mder water. Although phosphorus in its colourless 

V buff-coloured condition is not crystalline, yet this 

ibaenee of crystalline form is only a collateral result, 

dep^dent on the ordinary method of preparation. If 

pboephorus be :^ed with about half its weight of 

nlphur, and suffered to cool gradually, a part of the 

pbosphorus separates in rhombic dodecahedral crystals. 

(Xitscherlich Ann, de Chem. et Phys. vol. xxiv. p. 270.) 

•^hot and saturated solution of phosphorus in naphtha 

also yields crystals of phosphorus on cooling. 

Such are the leading properties of phosphorus in its 
wdinary or crystallisable state; but lately a new 
condition of phosphorus has been made known by 
Professor SchrOtter, of Vienna, as constituting an amor- 
phous allotropic state of the element. When common 
phosphorus is burned, especially in a limited supply of 
atmospheric air, there results around the focus of 

p 
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combiuckm a red ring of a aabstuice formerlj 
to be omU of pko^pkonu. Profesaor SdirGtttf ^ 
ever, succeeded in demonatradng that the material: 
qoesdoQ was generated under drannstances invol 
the exduaion of atmosphmc air, and every other soureB.^ 
iii oxTgenoua supply. He proved, m<»eoYery that pro- 
longed heaCy within certain limits, was the main ooih 
dition necessary for the development of this red 
substance — oxygen bong absent — and that a stifl 
iiigher degree of heat re-converted the red substsnoe 
back into yellow pho^honis^ Hence he deduced, both 
analvticallv and svnthedcaUv, that the red substance in 
question is merely an allotropie state of ordinary 
phosphorus. 

Identical, howevo^, as is the chemical composition 
of the two, thw properties are widely different .ThuSy 
common phosphorus inflames at a t^nperature slightly 
above 00^, whereas allotropie f^osphorus only inflames 
at temperatures above 600, or, more properly speaking, 
does not inflame even then, seeing that the temperature 
in question efleets its reconversion into ordinary phos- 
phorus. Ordinary phosphorus is soluble in oils, naphtha, 
ether, bisulphuret of carbon, &c. ; allotropie phosphorus is 
soluble in neither ; hence the ordinary plan of employing 
bisulphuret of carbon as a means of washing out ordi- 
nary phosphorus firom mixtures of the two. 

Nor is the discovery of allotropie phosphorus a 
mere matter of theoretical interest. Already it has 
been applied to the manufacture of lucifer matches witl 
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■triderable suooess, and a prtmuse of amdiorating 
Ift of the most terrible diseases incidental to any 
■miftcture. In addition to the continual danger of 
IBning^ to which the workmen engaged in the manu- 
Mtiire of lucifer matches from ordinary phosphorus 
reexposedy there is another danger still more terrible, 
leeause more insidious and more difficult to be 
(oarded against. Exposure to the fumes of phosphorus 
pves rise to the most frightful disorganisation of the 
iwbones, causing excruciating sufferings and usually 
ierminating in death. The slightest spot of caries 
in the teeth of a workman suffices to become a focus oi 
Bontamination for the phosphorous vapour ; and even 
those with no such natural disorganisation occasionally 
suffer. N0W9 allotropic phosphorus gives off no fumes, 
neither is it combustible under the usual circumstances 
Attendant upon the manufacture of lucifer matches; 
hence the advantages presented by this substance are 
ohvious. Unfortunately, however, certain difficulties 
have hitherto attended its manufacture on the large 
scale, and limited the employment of this agent — so 
curious in its chemical nature, so valuable in removing 
the danger attendant on one of the most noxious 
operations in the whole list of chemical manufactures. 
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Z'.iK rtuiiu^ >!narai*terBicxc o£ phofiphons is ib| 

-\:r-*ni' *«'mi)ix>cbilitv. oc* wTuefa. tou have ahcadv Ml 

ui ??mnpi»' in riie )«»;aiiioii of bit cmdns of orfg^^ 

r lliia^mtL* ::iis nnipatir in a inmflWy wit, l* W^W 

-.IS 'aiki* I uuiiui.' i«)iTii)ii of piioasphiiDrns upon dietif 

>rm:-r'jnt* nuci^h. and mb iz — imme^tiatdT tqi 

\:.. M*4..i--,; -;ie auiDrii aktf dre; but the phenomaa 

"11*? -'iw-s if :;ie .i>nibuacii?a of phoeplioras ^ 

►- v'::l liiiKmci^i "ly iimiciiur a small pordon in tt 

H;i' 'iiij: pLOLt^l i «mail ninzi«nic of phofsphoros in 
::i- '"till nw. I ippLy heat imi ignite h. — ^when. <w 
uiptrilinsr i .'ur7-nt jf air uiir»}a^ the tube the ph<fr 
»iii.i*' us 'um» ■▼ich jr»«c ripoiitr. The combustkl 
III* :iii: ^'-niinacy'L vi.»ii will observe the appearaoct 
»[ "T- i:iter».*nc r^*i«Lues— *3ne bein^ a red-<?oIonre< 
.;i"^ain-*'. in«i. 'liki Jtiier wuice. The latter, or whitt 
^1 >r:iiicv. s la aci«i .-•♦^mp^^iiiid 'zi pho«ph*»as wit 
■::' .?.M. -J ISC liiis s:r: of rvsulz we *h»xilJ. a prior 
III .' .'x:jv*.Ti:'i -. ::ie :'.mer was lona: imagined w ^ 
I .•'.' Ill o i : I a ■ ■- «ni ■ r -: in.-sp iit : ris with •ixvsren also, but i 
I .i.sk.T ""i::': :;ian neeesgary to eonstitute an aci< 
W ".chill -\\*t last :Vr^v v'?ar^ however. M. SohrOttery ' 

m 

V-eimA. ii?nii:ii:>tnteii :iia: the red oompt:>and in que 
::i:u was 'ii« r*fiy vliosjphon:*. No combination b 
:ak'»Li "iaoH :;j t'orm this re<i oompoim.«i but the pbc 
■.•ii«;rv> "lii:? ju**iim»:«.l a ?eci?ii«L or allotropio con«liuo 
•■a:>c .1^ ^LilTMor und'er the orerati'?a o{ heat does t 
lie. 
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^ ftllotropic or amorphous phosphorus, prepared 
^ small quantity by our tube apparatus, is now 
' on the large scale, and commercially applied to 
^us purposes for which common phosphorus was 
dy used ; and with advantages which will presently 
r. 

efore we can have a just appreciation of the value 
otropic phosphorus, we must study the charac- 
cs of this substance by comparison with phosphorus 

ordinary condition. Common phosphorus is re* 
ibly combustible ; tending to burst into flame on 
)plication of very slight friction or low degree of 

a quality which renders it well adapted to the 
se of forming lucifer matches. The quality of 
lour, and its physical condition as to softness, 
so points of comparison. Well, here is a lump 
lotropic phosphorus, and you will observe the 
ince between the two. In the first place, the 
' is totally different, that of the allotropic variety 

dark; — then the fracture is different, that of 
)pic phosphorus being harshly brittle; — ^but the 
striking difference between the two varieties of 
tiorus is brought out by the application of friction, 
iieat. Common phosphorus we are obliged to keep 
er, for the purpose of guarding against spontaneous 
stion ; allotropic phosphorus, however, may be kept 
aged in atmospheric air ; indeed, it may be wrapped 
paper, and carried in the pocket even, with the 
perfect impunity : and in this way Professor 



faam auy t Lweii tb by ha tBoaeatft vntQ we 

«MncRL^;iuwd .'unAiwut^jpd biMmme atif|iiainced widiti 

n?wL ' luaiium < »x 'oe tiiew Mibocuiinr. Commoa phosphon 

vuifu miMiM :aiu» dn^ : die ;uloczupu; Tariecj. howevi 

attv IV -noo^-L -vtch jnpunicj up co a certain p<Hi 

atvr vtuvsi c» '«jiiina»cive ^ualictf^ are brought oi 

'luL Dw •\cnfffle ifi«^ of ^ocxopic phosphoru:*' in the a 

vtil tu« M t^mpreiuaiutsd iindl joa ar« informed 

otf iwiLXUi ^>'suc»» ;injaUL*ed by che vapoun of cc 

Bun HAApUMnish ju diuatf ^ao ai« subjeoced to il 

ufaurnwi t& .» :xw .-ase in aisumbtfcories of luoi 

iBUvti««k c'^^TH^ito niu» ^inianHi are afliLted witl 

iLMNiB« viucu .**.>mMit»^ m*«ncmw and deacrovs tl 

Hiuvs^ ."ausuuc :l]t* oiosc aorribie cunure. aad trequei 

L«au. I'^ie .'lupioyznttac or allucrupic phosphonu 

t4tiMiu«u '<«ttu *^u Mich saiLamicuiu} nsnilcs; azki be 

.■apiu?itf yi s.'ii«uiv:uuc incu onliiuinr phosphoru 

Uft* ipp^^tuiou it .la idet^mce amounc of beat 

Vnruou. .t Ai»»ver* p*»r!wcdy ^reil tur Iiieifi^r matd 

uid uuevd *Jiu9( JC :ae jriinary applic&Qon;s of pi 

>tiora9« 

lu 3uuiy icher 7»»pe«:c5 these cwo conditions 
'^iKM^muru^ ;»re^'uc iil{erence»> Tliua^ tbr izutanoe, 
;jow«)r 01 ^iutiou iu oieiLstrua i;» dilierent. Comi 
:>ao»piioni:» rt'adily iis«oives in che :»ulphuret of oarl 
"irfMrea^ 4ilucr«.)pio piioi^puoruis dt.H» noc. Of tliis I 
-410 w vuu Jk rvttdy pruot, by pouring two portion; 
Miipiiurvc ot vMrbon respev'cively on commoa and 
4(Iocrupie photfphoni:»> Vou can obeerve that there 
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ufest difference as to the amount of solution ; but we 
1 have a better proof by and by. Pouring a little 
iscb of these solutions on two pieces of paper respec- 
dy — the sulphuret of carbon, being exceedingly 
BLtile, evaporates; when, observe — one piece of 
»er takes fire, owing to the amount of dry 
)sphorus deposited upon it, whilst the other remains 
burnt. 

This aUotropic change of state is one of the most 
ious developments of modem chemistry ; and now 
kt our attention is directed to the subject, numerous 
»nifestations of this condition are recognisable. Not 
3 least curious fact in connection with this matter is that 
at is not an invariable, an indispensable condition to 
veloping the aUotropic condition. Thus, for instance, 
I add a solution of bichloride of mercury to a solution 

iodide of potassium, I may get a yellow or a red 
•mpound, — ^yet the composition of both is identical, 
eat effects a similar change. On this paper is painted 
red cross — ^the red iodide of mercury being used as a 
gment. K I hold the paper on which is this red cross 
'er a spirit lamp flame, the redness presently changes 
yellow. But I must not linger over this interesting 
bject of allotropism — ^my time admonishes me to bring 
fore your notice the curious fact of the existence of 
Iphur and phosphorus in the organic world — ^phos- 
orus in large quantities, as I have already indicated ; 
t sulphur in amounts more small — nevertheless, its 
3sence in animals is universal. 

2 
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It k this cztaDaivd J distributed masked or hiddeii 
iditioo of phoBphoms and sulphur in the two organic 
igdomsy and the aQotrofMC condition whidi eadi of 
ne bodies can aasmne^ to whidi I eapedall j wished 
direct your attrition ; passing over the more gross 
1 ordinary ccHiditions .<^ these el^n^its with little 
mwntmtj as bong saljects wbich firom their prcmii- 
noe have been extoisiYely discussed and are well 
lown. 

I shall now conclude this lecture by manifesting 
te power of combination enjoyed by sulphur under 
srtain conditions of heat and vaporisation — a power 
'hich we are very apt to forget is possessed by this 
lementy simply because we do not find it, in the 
fdinary range of material circumstances, placed under 
ooditioDs fstvourable to its exercise. We are apt, for 
Qstance, to regard the element sulphur as possessing 
ombining properties very different in the amount of 
Iteir vigour from those possessed by chlorine ; yet I do 
ot know that we are just in arriving at this con- 
usion. If certain metals in a very fine state of 
)mminution be dropped into an atmosphere of ohlo- 
ne the metals take fire and burn, whereas the same 
etals may be brought into contact with sulphur with- 
it any such effect resulting. But chlorine naturally 
ists in the state of gas — ^whereas sulphur does not. 
ccordingly, if I expose copper turnings to the in- 
lence of vaporised sulphur, which can be done by 
eans of a very simple apparatus, you will obsep"^ 



260 RESPIRATION. 

Latertima^ tie JlencbranehuSf the A^tdatl, and lastly 
tho Prot^Hi An^Hus.^ All of these creatures are 

* The l^rocens Anguinus is an European animal, connected 
w it h w hoM existence there is a great deal of mystery. A graphic 
do9<.*ription of one of the two localities in which the animals are 
found, has been giren by P. £. Tnmbnll, Esq., in his Yolome on 
Austria. Murrav, IS40. It is as follows: — 

** Our three guides stationed themselves at varions points, and 
^r.HII.itshing their large torches aloft, showed well this solemn 
cavern, with it* huge pillars and dark dull waters — rendered the 
more interesting to the fanciful mind as being the habitation of 
that mysterious animal the Proteus Anguinus, which, except m 
one other spot (also in Camiola, near Sittich), has been found 
nowhere else. 

" This creatnre appears to be bred in some much lower snh- 
terranean lake, and to be borne up into these comparatiTely 
upper regions when the waters swell. We are told that during a 
considerable part of the year there is no water whatever in the 
cave of the Magilalena. In the winter and spring it rises throogh 
crevices fn.>ra below; and even then is the Proteus onlyocca- 
sionallv discovered. It is found in the Poik (if .the water to the 
richt of tlie entrance be the Poik) in this cavern, but never in 
that of St. Catherine, nor in any other part of the river: neither 
is any other fish or living creature s*ud to be found in the Po* 
after its first entrance below the earth. It is found also in the 
water which I have mentioned to the left of the entrance, sup- 
plied probably to them both from the same resorvoir or river 
beneath. To this water on the left we partially descended, but 
the drippings had rendered the soil muddy and unsafe. One ot 
the guides, however, stationed at the bottom with his torch ano 
hand-net, endeavoured to catch two or three of the Protei; but 
on his attempting to take them, they escaped under the rock. 

** On our return to the inn at Adelsberg, I saw some of thes< 
creatures alive in a decanter of water, where, by changing th 
water every day, and without any other food, they had lived (a 
their owner told us) more than a twelvemonth. They were aboii 
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1 lUi'i.. pr sumpn-hn; lp*^, ii. 
i: li£t u. ei'l. iiu: uUi. i.uit 

ii icp-ni'OU! ■i;incl. liwf. 
D^tbt iiinu^ ouet m^ ii i:ti9a: cusuuicl iroo. tiu' ii>rf: ri>loii;\ a 
periBL niiiit-: ii«HL reri iarp:. iriii. c larp- briiail nuiiiih: t«.' 
'err biubI; fves. am' i«ninil iut ean- ijii- pill- n; 
■ £^ Tiipy hiTt a diiublf ■TOararnflorhrcml^- 
ng, md fiinc a mistnn; or liut ol ruimcnUn: 
tctretx tht f -^"i- imil ilit- ijuadniped. 

'"Doomed, apjinreml^. ii' livt in ctcnia! dnr.- ^ 

DCH in thf aliv^ ai BE Illrruii: ninantain ,'fiiTlbRir ST/ifl 
^ihtiTinp inio the cevet niusT be considered a* an iT 
Ottpdoii,. i; mifhi seeDi Eirance ihai ihe cri>a;inT 
'honld be provided wiili eres. Some imapiiialivf 
■liieM hare deemci] ibn: they had formcrlv a 
lii^er localiTr, and that amid the vaiiniu (mdvuI- 
nooi of ifae flobe, Bome redremeni of ilie waters 
"'ij have canied ibe relic of a iiearlT~dcnr>ivr>l 
fM«to its present aBrlnm. It maj be more pliiliv ^ I 
Hphicil to suppose thai the email portion of lipTil 
*eamipanTing air ihrouph the crciiecs of the 
«>oiuilain«, although iiQjicrceptible to oor or|[iiri]i, 
^j loffice to direct the course of iherw more 
ielicate creatures. Ii is evidoni from the lenglh 
of time that the; had lived in the bottle, thai the , 
iighl andoirofthis upper world are not dcMnii'tlve 
ofiheii Titalit;. Those »hicli wc saw wore miiTMiK 
ibont with activity over encli other, anil rllitihliijt 
with aeorl of reptile motion tilovg the siilemif Ihn 

"Whether their propat;ntion liu been al- 
«iDpled in other places, I know not, B"me wore Ul 

nntported to the St.Catlicrinc Cnve, and plieerl '' 



2ti4 BBSIBAlIOSr. 

Thtf pm%-isiua :i v&j ^MBudfbl, and i» as follows :—The 
'iun«9 '»i lirvia ire lioilow. andbeinir hollow^ ireal^ys 
iilo*! ^viih lit: rnoraover. air cavides exist in variooi 
rram »x 'he ')«i<iy. :he iza&eous elemenc penetratinsr even 
111" :he :niuouiar ihtAchs. Hence che longs, not 
nauic 7»*«iuin*«i :i» v«sBeis of lApaeitT, bat merely as 
nauiimeiits if 'iiemical action* are :}maller than they 
•▼ouid !iavt* 'ichenriae been re«jiiiped to exist. But there 
'till "^niaiHs :o ")« 'ieviae«l a provision for trlTiny the longs 
villi ur. ithemiiH? :han Hy expansion. The moacukr 
.\L'n'!H«.* )(' :lie .mimal is made subservient to this 
•iiii. \yi^n XI r»?sc, anil when respiration is but little 
"»*«iiiirH<L, :he '>ini, by means of a sli«2rht musenlar 
-ii«ttii.iu. ■aus«.*s ^Hufii'ienc air tbr its present necessities 
•i» 'luor :he dny lunir*: but when the :<ame birdie 
»\j>osv«i TO :iie viuient exercise of flvimr, and when, 
■•>iiMH,tu'iitiy. -iie runction of respiration is re«iuired to 
t!'««iiiie i> .ULT'iest jjade of intensity, then the increased 
iiiiM-'uiar ;ict:i'ii it :he biri is made subservient w 
":i« .'uu. EvMpy tiapninii of the wing^ against th'? 
7in< *:jp^wi I *tt •>f muscles into activity, which j 
"»\ -iu.-ir -^Mi traction, fonje a Iarr*?iy increaseil supply 
•t" dr into :iie 'unsr^ : and thus the performance of 2 
niiu.'tii>ti is .iccompiished as a necessarj' result 
It to IK Lint cir»?umstances. 

L;iMir* of almi?st the same external character, thoug 
iir}Wi>?ut in ciieir internal ct.^nf<.^nuation, are supplied t 
"ep tiles althouirh not for the same reason. In th 
Hfn»ctic and lizarl tribe the large, heavy, expansiv 



mgs of uM um niBa wigB3jiliic ■craaflicihr mxsaBn^ac^^ut mjsL 
he oonditioDs d dbeir £sail& sigxidfir. 'CskmcKiCfd imrwiz 
mi fro^ have tfe aaatt kmd -of icish. sui mrr t«t 
lequentlv seen to mdnie iLsm viai icr la* & TfiFj sngue:. 
1^ at the same tune rerr «a&fli32iil ircaoett. A ^<r xzuit 
oecasioimll J be seen movisff 33nn?d§ asid oaxvi^i^ i^ 
Bides of his face and the ^iii o{ ia§ tapitacjK& iic«n3. 
The animal is performin? an act ^tf* nsEAnnk^ : zvoc as 
"We perform it, hj expanding <«r cLesis : box tLas s&ocHn 
cf the &oe and throat is preciseSj a&al':ye*iMXf to the 
inotion of the leather of a pair of bcjlovs — a utoidofsi by 
^vluch the animal ^mer air into the lonffs. 

The chemical portion of the respiratory fiincti->n 
chieflj involves the removal of carbon from the longs. 
According to the experimtmts d Allen and Pepys, who 
^ere the earliest to investigate the chemistry of their 
Unction, the removal of carbon in the form of carbonic 
^d was the sole object ; and according to them the 
^bonic acid corresponded exactly in proportional 
quantity with the amount of oxygen taken in. Lattf 
^Investigations, however, have proved that the explana- 
tion is not quite so simple ; have proved that a portion 
of oxygen is absorbed, that nitrogen is sometimes 
absorbed, at other times given out. Still the most pro- 
minent consequence of the respiratory function in 
animals is evidently the removal of carbon from the 
blood, in the form of carbonic acid. 

And now a very beautiful provision of Naturo i» 
rendered manifest to us. Carbonic acid boing imui- 
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The first point in connection with the natural 
lioTj of carbon, is the circumstance of its invariable 
lidity. This quality I shall have to allude to again in 
unection with some of the most usual functions of 
»hon : it is one which lies at the foundation of almost 
"ery useful application of the substance. 

Notwithstanding this fixity of carbon, it is strange 
* recognise certain chemical effects capable of being 
Poduced by this element : thus, for instance, it has 
le power of absorbing larger bulks of various gases 
-of removing putrid smells and certain colouring 
matters. 

Yet, (continued Mr. Faraday,) the chemical agency of 
afbon in an isolated state is but insignificant when 
'ompared with the wonderful energies called into play 
^ its various combinations. To me, viewing as I do 
he qualities of each element in relation to its most 
Mous functions in the economy of the universe — 
!>eculating on what must have happened had these 
ttalities been different to what they are — ^pondering 
^er the all-wonderful foresight by which the harmo- 
ious balance of elemental powers was predetermined 
id is maintained — this fixity of carbon, in comparison 
ith the volatih'ty of its compounds, is a subject of 
)ver-failing interest and admiration. This is a subject 
bich will prominently appear as I go on, and more 
pecially after I shall have taken up the oxy-com- 
uuds of carbon. Of these oxy-compounds there are 
o — the carbonic oxide and the carbonic acid gas. 
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ar-Hjuii: .xi!xe csa — >a niammaJbility ind die peeol^r 
t'luur I a iaui«:. 3ii: -n :iiis ;ar I liave »me cf thfi 
.?u -J. . nir^ ?axe, ui'l .-an. ieaioiiarate ii3 (Ztimbasd- 

.ar*'*jnic 'jti'lt i:iie is ^aiiL in ■jjnmir'ffoii '^ 
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Dumasy they have been propounded on such evidence 
^ I am willing to accept as perfectly conclusive. Now, 
this extremely poisonous nature of carbonic oxide is a 
fict of great significance when we regard it in connec- 
'tion with certain proposed plans of illumination which 
contemplate the employment of this gas. In itself car* 
Ionic oxide has but little illuminating power, as you have 
9&m ; but illuminating power can be given by causing it 
to absorb certain particles extraneous to itself, and in the 
end it may be made a good illuminating source. Should 
this plan of illumination be carried out, it will be neces- 
sary, after the experiments of M. Dumas, to watch atten- 
tively the first results; for, although the speculative 
ohemist should be most careful not to impede, by undue 
expression of vague fears, the progress of any dis- 
covery, yet, on the other hand, facts so significant as 
those indicated by M. Dumas should not be passed by 
unheeded. Accordingly, I have been made aware that 
in France, where matters of public health are much 
more studied than in England — much more taken cog- 
nisance of by the Government — competent persons are 
anxiously watching the first effects of the new illumina- 
tive gas, considered under a sanitary point of view, and 
are authorised to forbid the process on the first manifes- 
tation of a result unfavourable to health. 

Passing away from carbonic oxide with this short 
notice, we now arrive at the consideration of carbonic 
add. This body, like the preceding, occurs naturally 
in the form of a gas, although it has been condensed 
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Mad reaction on litmus paper, and its quality of preci- 
pitating lime-water white.] 

It will be unnecessary for me to repeat the experi- 

■aent, already performed on a previous occasion, of 

fuming charcoal in oxygen gas; that experiment will 

have been remembered, and indeed it is sufficiently 

common. Less common, though now well known, is 

tte experiment of burning the diamond in oxygen gas, 

*iid demonstrating that the result of combustion is 

^wbonic acid. When the experiment was first performed, 

the result was considered extraordinary. Of course, 

^e do not regard it as extraordinary now ; but the 

^treme interest of the reaction shall be my apology for 

Repeating the experiment. 

[The combustion of the diamond was here effected, 
the gem being held by a little platinum clamp and 
Ignited to whiteness in the oxyhydrogen flame, then 
plunged whilst incandescent into a jar of oxygen. 
Eventually the resulting gas was proved, by means of 
the lime-water test, to be the carbonic acid.] 

Thus the evidence as to the identity of carbon with 
the diamond is sufficiently made out by this one 
experiment; nevertheless, if further evidence were 
required, it could be supplied by the beautiful result 
wrhich I have in this glass case. Here are some diamonds 
(rhich have been exposed under peculiar conditions to an 
ntense heat ; and with the result of converting them into 
joke. The gems will be seen to have lost their crystalline 
^pect — ^to have opened out, forming a cauliflower- 
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we have on many occasions seen; hence, if it had 

lingered in the furnace instead of being so readily 

dispersed, the fire could not have been maintained. 

This condition, as it would have been had the result of 

<soinbiistion been fixed, may be conveniently illustrated 

by a simple experiment. Taking a mass of potassium 

<^ any combustible substance, as we have seen before, I 

beat it on a piece of platinum-foil ; yet the potassium 

does not take fire. Still more I urge the heat; the 

potassium fuses, rolls about on the platinum-foil, and 

becomes rapidly covered with a white crust ; but it does 

iH)t bum. But why does it not bum ? Not certainly 

because of any inherent incombustibility, since, if I 

throw it into water, so great is its power of combustion, 

that it immediately bursts into fiame. 

Another point of deep interest in the chemistry of 
^iftrbon is its strong power of illumination when incan- 
descent. You have already remarked how trifling was 
the amount of light evolved from phosphorus burning in 
chlorine gas, or sulphur in the same gas, or sulphur in 
oxygen; how seemingly powerless it was, although really 
coexistent with highly developed chemical power. You 
have remarked, too, the extreme vividness of the light 
produced by the combustion of phosphorus in oxygen. 
The light developed during combustion is so far from 
being in any direct ratio with the accompanying heat, 
that the very reverse of this association may, and fre- 
quently does obtain. Thus, one of the most powerful 
known sources of heat is produced by burning a jet 
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small qnyrtitifi proves flitd at onos^aod wbichl 
with hydrogen oonslitates that terrible — most 
perhaps — of all poisoosy hydrocyimi^ or prua 
Cyanogen cannot be prepared, at least not rea 
uneqnivocallyy by the direct ccHnbination of 
elementSy but is usually developed from its com 
either with mercury or with silver. Its odoui 
of peach-blossomsy and when burned it ev« 
peculiar rose-coloured flame, which is very di 
of this gas. Cyanogen, although a compound 
buret of nitrogen), nevertheless unites with < 
just as though it were a simple body, and this i 
its peculiarities. Thus with hydrogen it form^ 
cyanic acid, with oiygen cyanic acid, and rep 
combining tendency throughout the whole rang 
compounds. 

How beautiful a subject of contemplation 
nished us in the calm and tranquil exercise of 
laws^ which a study of natural phenomena di 
The world with its ponderable constituents^ d< 
living, is made up of natural elements, e 
with nicely-balanced affections, attractions, or 
Elements the most diverse — of tendencies tl 
opposed — of powers the most varied — some s 
that, to a casual observer, they would seem t( 
for nothing in the grand resultant of forces: s< 
the other hand, endowed with qualities so viole 
they would seem to threaten the stability of C] 
yet, when scrutinised more narrowly, and es 
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'^th relation to the parts they are destined to fulfil, all 
^^e found to be accordant with one great scheme of 
harmonious adaptation. The powers of not one element 
^Ould be modified without destroying at once the 
balance of harmonies, and involving in one ruin the 
Economy of the world ! 

Look at the shells of these sea moUusca: nearly one- 
half of their total weight is carbonic acid. Gradually 
it has been collected from the surrounding medium — 
has pervaded the systems of these delicate creatures — 
has circulated in their fluids — has combined with lime, 
and finally been deposited by their mantles in the form 
of a shell. Had carbonic acid been corrosive, this 
could not have been. Carbonic acid would have, in 
that case, become totally unadapted to the performance 
of its destined end. 

And now, in bringing to its conclusion this imper- 
fect course, I have to thank my hearers for the patience 
with which they have listened to me, — ^I have to thank 
his Boyal Highness for the condescension shown in his 
visit this day. During these lectures the passing 
thought has often occurred that I must be bringing 
matters before the notice, of my audience that must have 
been foregone knowledge, to most, if not to all. I did 
not set out with the intention of making these lectures 
a medium of systematic exposition; still less did I 
intend them to embrace within their scope the minute 
chemical relations of the non-metallic elements. I 
desired only to regtird these elements under their more 



